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TAGs 
BIG CHARTS | 


Much is heard today about chart size, but 
TAG Recorder Design provides the longest 
pen travel—43, inches—on a full size 12- 
inch chart . . . the longest on the market. 
With characteristic thoroughness TAG pro 
vides this important detail to give you a 
chart with much wider graduations for each 
degree interval. Wherever Temperature, 
Pressure, Level or Flow must be recorded, 


TAG's BIG CHARTS give you easier reading. 
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Other features of TAG's new Rectangular 
Case Recorders are: interchangeable cali- 
brated tube systems, over-range protection 
with safety linkage between Bourdon spring 
and pen movement, visible-record pen arm 
and new quick change famous steel chart hub. 
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Behind these advancing instrument im- 
provements, stands a long growing record 
of economical pertormance and dependable 
accuracy. Their steady rise to wide popu- 
larity recommends these newest of TAG 
Recorders to the duty of recording tem- 
peratures throughout industry. 


We invite your inquiry concerning the ap- 
plication of TAG Recorders to your process 
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C.J. TAGLIABUE MFG. CO. qa 


Park & Nostrand Ave’s., Brooklyn, N. Y. 














y are talking about the new 
vlor “BINOC” Thermometer 
bing the optically correct 
hing that makes Taylor Ther- 


»meters easter to read than 


er before. 


QWE WORDS in the headline are 
| not ours. They are expressions ol 
nazement from the lips of people who 

e seen what they termed “a really 
development” in the new Taylor 

BINOC” Tubing. 

Behind all these words stands one ol 
he first outstanding advances in ther- 

ometer construction in vears. Taylor 

Engineers felt that “BINOC” Tub- 
ng with its triple lens construction, its 
reatly increased background for reflect- 
g more light, its elimination of bore 

reflection, would provide the advantages 

that have been missing in- industrial 
thermometers to date. 

They were right. Today, “BINOC” 
Tubing makes Taylor Thermometers 
much easier to use. It gives greater visi- 
bility and readability. It greatly in- 
creases the angle of vision within which 
readings can be made. And does it with- 
out sacrificing high magnification. 

How often in taking a reading of tem- 
perature as you pass a_ thermometer 
have you had to retrace your steps... 
stand directly in front of the thermom- 
eter... close to it in order to make 
sure you had seen correctly? With Taylor 


“BINOC” Tubing, you can catch the 


reading with greater ease and accuracy. 


You do not have to stand squarely in 
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front of the thermometer. You do not 


have to stand so close to it. 

Tests quickly prove the distinctive 
features of “BINOC” Tubings, tests 
that you can make yourself. A Taylor 
Representative will help you. Taylor 
Instrument Companies, Rochester, N.Y., 


or Toronto, Canada. 





YES, AND MORE 
THAN DOUBLES 
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INDUSTRIAL 
PHERMOMETERS 


with BINOC” tubing 





TEST “‘BINOC’’ IN YOUR OWN THERMOMETER 


} 


BE ¢ INE of the first to get this New Tavlor 


Engineer’s Pocket Test Thermome 
with “BINOC” Tubing. It is offered 
you to make your own easy-reading tests 
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yr, Williams, in the second instalment 
erial, gets right down to the 
nd grain arrangements that have 
ring on hardness 

ving with requests for articles 
to use electron tubes for indus 
measurement and control ipplica 
we take pleasure in printing one 
e industrial pplications of the 
mtrolled gas-filled rectifving va 
by R. kK Gessford, who is a spe 

in this class of work. 
Ralph Batcher continues to describe 
ctical applications of cathode-ray 
ibes: this month he takes up magnetic 


lo this month's instalment of our Elec 
rical Measurements and Control serial, 
Perry Borden contributes a rich selection 
examples showing what electromag 


tic oseillographs can do. 


rhirty “New Instruments” Department 
tems this month—and some items de 
scribe two, three or several new devices 


rTHE FRON T € OVER 
photograph does not show all the panels 
~ the control board at the Southport 
Petroleum Co., Texas City, Texas, but 
this diagram does, and the Brown In 
trument Co. informs us that the instru 
nents are: (1) indicating pressure gages, 
2) pressure recorder, (3) pressure re 
orders with air-operated control systems, 
t) electric flowmeters with air-operated 


\eLimit of photograph 
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mtrol systems, (5) recording thermome 
ter, (6) recording thermometers with air 
yperated control systems, (7) recording 
otentiometer py rometer, (8) potentiome 
ters with ir-operated control systems, 
9, 10) indicating potentiometer and 
vitch for supervising temperature, (11) 
‘lock, (12) signals, ete. This job was 
ngineered by the Mid-Continent Engi 
neering Corp., Dallas, Texas. The panel 


laterial is ebonv asbestos 


PARTICIPATE! 


F this admonitory title has not de 
reading this column, vou undoubte 
staunchest sector ot Jnstrumentys’ « 





and enjoy our suggestions. Instead ot 
thing, however, we shall d 


regard to subscriber participation, sp] 


clements: 


- Readers at IVork: Excessive MOa¢ 


sty 


six old subscribers caused that departmen 


of this issue. We had decided that the 


11¢ 


i 4 


would be of subscribers outside Pittsburgh, so 


viewed six in four States, but at the 
declined to see themselves in print! 


2. Feature articles: We have 
all interesting, but are still waiting fo 
that recent process-contro/ installation 


3. Instrumentation Forum: Vhis started out 


STAC k 


vou 


] 
ist 


bal 


almost spectacular success. Strange to report, 
not one solution of Problem No. 3 (page 
has vet come in, so we extend the time to 


As to problem No. = we sent the sol 


sulting engineer who had consulted us and 
extra $10 in addition to all our $5 priz 


received his reply: 
F hav m Some 4 . 


| S tions volvit 


N 


| 


utl 
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+. Questions and Answers: The $1.00 « 
supplementary answer probably seems little 


cs 
‘ 


ons 


t 


son with the Forum Department's $5.00: 


been received. We feel certain that our own 
imperfect and incomplete—-simplvy crving for supplem« 


and complements! 
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! C.J. Blackmon, { oa 
~~ a Chief Inspect \) 
, 1 int Sicel 





{tlanta, Ga. 


Atlantic Steel Company, Atlanta, 


Georgia, use their Riehle Precision 
Hydraulic Testing machine for all 
physical tests in their mill. Wire, 
angles, hoops, reinforcing bars, 
-ail, billet steel and flats are tested 
—loads running to the 200,000 
pounds limit of the machine and 


wire tests as low as 1,000 pounds. 


“It is as good a machine as I have 
says C., i Blackmon, 


Chief Inspector. “Fool-proof, with 


ever seen,”’ 


an accuracy well under the guaran- 
teed 1% margin of error. It is so 
sensitive that it responds to the 
tremors of passing cars and even 
the weight of a specimen or tools 
on the table. We have never ex- 
mechanical 


perienced a minute’s 


trouble.” 


There are no springs, no levers in 
the Riehle 


And no recalibrations are neces- 


Precision Hydraulic. 


sary. Write for folder describing 


this machine. 


RIEHLE DIVISION 


American Machine and Metals, Inc. 


100 Sixth Avenue, New York, N. Y. 


One Test is Worth a Thousand 
Expert Opinions”’ 











NEW INSTRUMENTS 


In this department we strive to report each month ALL the new d 
for measurement, inspection, testing, metering and automatic contré 
the form of concise technical descriptions. 

When writing to manufacturers directly, please mention this departm 
your source of information. 





Or write to Information Section, Instruments Publishing Company. 








Multi-pointer Gage Radio Set Multimeter 


li this ney diaphragm type multi Designed for radio service Laaby 
| cy I l rvice, i 

ointer gage, ce veloped for boiler-room ind production men, this ney 

ervice he diaphragm material is re volt-ohmmeter, milliammeter and 


meter fits into the pocket ind 


used for practically ill receiver 
measurements right on the job. If 





sistant to oil, acid, caustic ind heat, and 
is said to POSSESS exceptional flexibility 
Kach measuring unit Fig. 2) consists 
essentially of a flat calibrated spring, a 
sealed link, and power diaphragm the 
velght of which is carried on a second 
link pivoted at one end on the calibrated 
spring ind at the other end on the sealed 
link. Draft on the left side of the dia 
phragm causes movement of the system 
to the left. Motion, opposed by calibrated 





is transmitted by sealed link to @Arsonval movement with 3” di 


spring, 
two-color scale, knife-edge pointe 
zero idjuster The d-e 


reads 0-1, 0-10 and 0-250. Two 


mitside of diaphragm unit where a drive 


link carries motion to pointer. For indi milliampers 


sca'es are provided, one tor. the 


K coil circuit, the other has a blockir 
denser. The two ohm seales are 

SEAL reading: to 500, and 200 to 500, 
Burton-Rogers ¢ Boylst 


Boston Vass 





Thermostatic Trimetal 
“TT ply Metal” has been deve lope a 
ipplications requiring smooth and 
form motion of free end of. elet 


within extremes of O°F. and 1200°) 





dry air, in a humid atmosphere, or 
immersed bare in water. It consist 
Fig. - three lavers, the outer ones (“1 and 


Of approxun itely equal thickness, and 
ition of pressure the connection is made om 
. middle one ("3") relatively thin: app 
m the opposite side of the diaphragm; hicl cates “ah | 
for differential pressure, connections are one-fourth as thick as “IU or “2 
Diaphragm area is 


Diaphragms may be removed and 


ments are available in strip form 


made to both sides 
inv shape. Materials are reported t 
“i Active Metal, 220% nickel steel; 
Highly Active Metal, copper illoy; 
Inactive Metal, 36% to 42% nickel stee 
Manufacturer describes operation as 
idjusting key lows: “When heat or cold is ipplies 
lri-ply the third 


20 In 
replaced or interchanged without return 
ing the unit to the factory and without 
danger of wrinkling Zero id justing 
screw may be turned from outside gage 
ising by means of an 
element (3 


Stops at both ends of diaphragm drive 


ind support link 


Inner 


prevent damage of the first to respond and functions t 





pointer by over-deflection. Diaphragm is mostatically with the active metal 


unharmed by excessive drafts or pres (1) and physically against the inact 


ures sometimes encountered in boiler metal (2) causing the entire = stri 


yperation. Gages are available in casings move in an are \ new method ot 


ontaining from one to twelve units; bining the three metals issures 

may be surface, semi-flush, or full flush from ever separating under the n 

mounted Bailey Meter ¢ Ivan severe conditions.” Laminated Me 
e Rd... Cleveland. Ohi Corp “83 Kddy St... Providence, | 














liesel Engine Pyrometer 
ed especially for Diesel engine 
new py rometer is available in 
mperature ranges: 0-1L000°F., 0 
ind 0-1600°F. and with 4, 6, 8, 
12, 16 or 24 
switch points 
The 0-1000° F 
range instru 
ment is ilso 
available with 
“cold,” “normal” 
and “danger” 
operating Zones 
plainly indi 
cated on the 
scale. Vibration 
resisting quali 
ties, extreme 
ruggedness and 
light weight are 
Claimed. Meas 
uring system is 
provided with a 
special neutral 
izer having \ 





negative tem 
ture coefficient, permitting use ot 
tively heavy springs in the system 
ile still maintaining a low overall tem 
iture coeftticient Case is of light 
ight molded Bakelite, permanent. fin 
iter-proof. A dial type switch, in 
with pyrometer, is mounted in a 

f the pyrometer 


rate compartment ¢ 
e. Switch points are said to be extra 
ve. Elimination of terminal board has 
moted compactness: Leads (20” long) 
brought from switch points through 
pipe fitting in bottom of the box. This 
onstruction permits use of a junction 
ox at a vibrationless remote point. Pipe 
ting is suitable for back or bottom 


scale Is 


nections. Enameled met: 
; wide, printed in black and white 
ach pyrometer is calibrated within 1% 
full range in the normal operating 
one and within 2% outside that zone, 
ivailable for use with Brown IC Ther 
couples The Brown Instrument ( 
Wayne har, Philade Iphia, Pa 


‘Four-in-one’’ Watch 
Name is derived from functions: (1 
limepiece of the wrist-wateh form with 
i-jewel movement in) chrome-steel back 


st ind with sweat proot strap; (2) 





+ 


op-watch which measures seconds and 
fths, has 60-minute register permitting 
ming during one hour period; (3) 
lachometer” indicating miles per-hour 
ver known distance; (4) ‘Telemeter” 
hich gives distance by interval between 
ight and sound from simultaneous source 
Pierce Watch Co... 22 WV sSth St., New 


bork City. 


Position-type Motor for 
Telemetering, etc. 


On 60-cvcle power this new “Selsyn’ 
device will give a safe operating torqu 
of 12 in.-0z it 25 displacement, ind 
maximum synchronizing torque (pull-out 


or pull-in) of 65 in.-oz. at 110° displace 
ment. Accuracy 5 Kither primary or 


secondary can be wound for up to 25 





volts on 25- to 60-evcle power The ne 


unit measures approx. 8%, H "i 
has a welded-frame shell and stainless 
steel collector rings. Shielded ball bear 
ings are normally used; special grease 
packed bearings can. be provided for use 
where continuous high speed rotation 1s 
necessary Installation is facilitated be 
cause design Incorpo! ites a completely 
enclosed terminal board at the collector 
end. Provision is made for conduit con 
nections to the flange, which houses the 
terminal board, and the brushes are ac 
cessible for Inspection or replacement 
4 f 


adu \ } 


General Blectrie Co... Schenee 


Immersion Thermostat 
New Type T high-capacity immerston 
thermostat consists of a thermostat unit 
ind a brass well The well is provided 
with /, I.P.S. threads. The thermostat 
bulb fits into the well and a_ positive 





mounting screws or brackets are neces 
sary Thermal element is of liquid filled 


‘ 


bulb and. flexible bellows type, said to 
provide sensitive temperature control and 
spring lock holds it) in position No 
to be powerful in its mechanical action 
Snap-action switch mechanism: large sil 
ver contacts. Thermostat will operate 
inv position so that it is unnecessary t 
level the ippliance Shaft can be ex 
tended so that adjustment can be secured 
from outside tank case if desired. Two 
models: ype I-1 double-pole, double 
break with normally closed contacts; 


I'ype r-2. double pole, double-break, one 


pole normally closed and the other pole 
normally open, designed Tor LSé vith 
“off pe ik” water heaters na iances 


of this tvpe The Wialeolator ¢ 
Vevada St... Newark, N. J 











Chief Metallurgist 
Atlantic Steel Co. 





In the Riehle Precision Hydraulic 
Testing Machine, the ram is pow- 
ered by a motor-driven oil pump 
and moves at a constant speed un 
der control from a single hand 
wheel. The load indicator has a 
single dial. By adjustments to the 
Indicator pendulum arm, thre« 
scales are provided, one-tenth, one- 
half and full. All loads are read 
on the single dial. Two automat 
safety power cut-offs, one con- 
trolled by the limit movement of 
the table and the other by the load 
limit of the machine, protect the 
unit completely against over-move 
ment or overloading. A transverss 
table and transverse and bending 
tools provide for bending as well 
as tensile or compression tests. This 
table extends beyond the central 
table on extension arms at each 
end and permits tests of unusually 
long span. The load scale is quickly 
adjustable to compensate for thi 
weight of the specimen and grips 
or other loads on the machine not 
caused by the test itself. The need 
for any compensation factors is 
therefore avoided. 


RIEHLE DIVISION 


American Machine and Metals, Inc 
109 Sixth Avenue, New York, N. Y. 
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HELLIGE 


GLASS ELECTRODE 





READING DIRECT FROM O TO (4 pH 
Fo 1// Lypes of Electrode Systems 


The new Hellige glass electrode pH- 
Meter measures hydrogen ion con- 
centrations and reads direct in pH 
units with all types of electrode sys- 
tems, over the complete range of 0 
to 14. The sensitivity ts 0.02 pH and 
the working accuracy is 0.05 pH. 
Portable Applicable for 
titrations and as a_ separate null 


Rugged 


indicator. 





VACUUM-TUBE 
GALVANOMETER 
rhis instrument is a general purpose 
null indicator of universal adapt- 
ability for precise measurements of 


oxidation-reduction potentials, 
streaming potentials, insulation re- 
sistance, and various types of bridge 
measurements. 

Suitable for measuring systems of 
high resistance (10 ohms), and 
those easily polarized, with the same 
high sensitivity (0.1 millivolt) and 
the same simple technique as that of 
ordinary systems. 


HELLIGE 


3702 NORTHERN BLVD.. LONG ISLAND CITY. N.Y. 


UMENTS 





Furnace Atmosphere Quality Recorder 


Atmosphere Analy 


has been produced after months of test 


graph” 


“Furnace 


ing to determine most Important meas 
urable factors in furnace atmospheres 


Tests covered electric ind fuel-fired 


furnaces, ind a wide range of tempera 


tures with varving air/gas ratio adjust 
ments Recording instrument (Fig. 1 
is of potentiometer type, with a 12” wide 
chart graduated so as to render equip 
ment ipplicable to measure itmosphere 

i hether atmosphere results from 
omplete or incomplete combustion, of 
rom dissociation Equipment operates 
mn thern conductivity principle, sample 
if ¢ mixture being continuously drawt 


3 01 20 40 60 86 100 





Fig. 1 
from the Tturnace Analysis equipment 
shown in Fig. 2. If g@as is result of com 
plete combustion, thermal conductivity 
ill be less than 1.00 due to presence 
of COs: while if sample has been pro 


duced by incomplete combustion or. by 
dissociation, thermal conductivity will 
nearly alwavs be greater than 1.00-—the 


only exception being when there is less 


Relays and Solenoids 


Extension of maker's line of a-c. and 
ad te retayvs 1s innounced, including mod 
els for industrial ipplications. Also an 
nounced is an enlarged line of solenoids 
regular series anda 
Illustration 


including three 


series ot speci ils show S 





Series 3 for a.c. or d.c., with laminated 


core and plunger: operating range 24 to 
2?) volts d.c.. 440 volts ace.: power con 
sumption 40 watts on d.c. and 60 watts 


on a.c.3; 4 plunger, stroke, 2-lb 
pull Guardian Electric Vita (‘oa 


i Walnut St { hicaao / 


than 1% combustible in the fin 
In order to render instrumer 
useful for measuring all types 
pheres, chart has been divided 
equal sections: one section is 


combustion is complete ; the o 





ANALYZER 


- ; 
* 
“ ; 
MALLEABLE 
RON MOUNTING 
BRACKET 
] 
i 
i 
j 


ASPIRATOR 
AND EXIT SEAL 
ASSEMBLY 


combustion is incomplete. This i 
plished by using different elect: 
tivities for the Wheatstone bridg: 
i patented feature. “Furnace Atn 
\naly-graph” is said to be easi 
tained, independent of normal 
In furnace pressure, room temp 
ind humidity. Large seale pern 
itors to observe the condition 
furnace itmosphere it a distance 
Brown Instrument Co.. 448 Wa 


Philade Iphia, Pa. 


Automotive ‘*Fuel-om-eter”’ 


Purpose of new K-330 “Fuel-on 
is to check mileage obtained on p 
ears and light trucks at speeds ot 
60 m.p.h. and on heavy trucks at 
ot 10 to 380 m.p.h. It measures on 
ometer type dial the gasoline flo 


the tank to the carburetor, and 








to show the consumption directly i 
rallon. While but one scale 1s 


per 
the consumption ean also be measurt 
gallons per hour, and tenths of a g 
per hour, the latter being used for 1 
tests of importance to taxicab ind 
owners {llen Electric & Equi) 
('o., Nalamazoo, Mich 
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re needed 


I iphic 


ons cancel, motor speed is proportion il 





Null-method Flow Measuring and Integrating Equipment 


ement is made, as of Feb. 1, 


mumnerecial ay iilability OF “Cen 
Meter,” 
teal plant 


which has, however, 
service tor water 


ents for more than two vears 


= -" 
10 } — - 
~™v 7 
‘oe a ‘ 
ee E> 
4 


ni = y 
=} * + = 
> . 
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therefore is new only in that maker 
releases publicity; but also in that 
the first flow-rate measuring SVS 
ind flow quantity registering system 
Schematic 


oying the null method. 


gram shows primary element of the 


fice type, but any other differential 


mducer may be used which gives 1 


relation of flow to differen 
Manometer, of U-tube form, is sup 
} 
ly 


iare-root 
ted on a knife-edge. Measurement ot 
erential is not 


“tilting 


iccomp lished by deflec 
manometer” principle ) but 
opposition of a mechanical force 
matically 
never value of differential 


v fly-ball system 


varied to restore balance 
ch inges 
is force is exerted by 
en by an electric motor. It is pro 
ot the motor 


square root rela 


tional to the square 
ed. Since the two 
] 


flow rate, and no rectifvine devices 


Since motor is. of 


ind other effects simply 


unple 


er, friction 


load it more, without introducing sor 


+ 


of error. Since measurements of n 


speed ind counts of motor revolut 


can both be telemetered electrically 


i high degree of accuracy. remote 


cations and records of flow-rate, as 


as remote 
ire subject to negligible 


} } 


Integration. of flo qual 


nal 


errors Series 


of tests agains St indard water manome 


ter (for flow-rate) and ag 


tank (for flow-quantitv) were 


unst standard 


under conditions involving variations i 





TILTING 
MANOMETER 


frequency, voltage, ten per iture, et 


( 


MAGNE TiC 
SwitcH 


COUNTER 


encountered in pl int service, and showed 


Autographic Audio-frequency Analyzer 


\ self-contained a-c.-operated instru 
for producing tutomatically \ 
record of the 


iracteristies ot 


iudio frequency 


receivers, a-f. ampli 


ers, audio filters, loud speakers, trans 


rmers, 


f 


odel 15-D 


microphones or audio-pick-up 
ices, marketed under the trade name 
\udi-O-Graph, 


following: (1) A beat frequency os 


bad 


COMMpPTises 


ee : : : 
or delivering a continuously variable 
voltage for application directly to 


i-f. system or for modulation of the 


00-ke. carrier developed by an auxili 


( 


) 


r-f. oscillator uso incorporated. (2) 
calibrated standard crystal micro 
me for picking up sound waves and 

means of connecting the input of the 
order to iny portion of the 
stem under test if the microphone Is 
used. (3) A. suitable a-f. amplifier 
insure ample voltage for operating 
recorder. (4) A motor-actuated pen 


vudio 


second 


$2 


errors sutliciently smnal to enable maker 
to make following wuarantee: “width of 
wedge of error of integration O5% of 
ictual flow at LOOG% — flor ind =I 
ictual flo t PAN flow exch ( 
of pPrary element error vhich el 
known, ¢ be compensated by id just 
ment of the balance.” Maker's i 
dicating and recording instruments 
square or round Case models, re Cll 
bodied in “Centrimax” svstem; counters 
ind other such parts are of standardize 
models and makes Leeds «& Vi hru 
(0 , S/ f P] tdelphia, P 
responding to changes in I re 
5) A chart holder connected to the co 
trol shaft of the beat frequency SWOl 


lator 6 


Ceci 


rp.. lustrume Divis ( 
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METERS and CONTROL 
for Bailer Ream 


Boiler Meters (# 
Indicate, record 





and integrate 
Steam 
from the boiler, 
record Air Flow 


Flow 


supplied for 
combustion 
and record Flue 
Gas Tempera- 
ture. The use of 
this meter re- 
duces fuel cost, 


Bailey Boiler Meter 


lessens main- 
tenance and outage, lowers standby costs, 


and adds capacity. 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 


sensitive diaphragm units. 





Vulti-Pointer ¢ 


Flow Meters. For indicating. record 
ing and integrating the flow of steam, feed 


water. compressed ir 4 e 4 ‘ tl 


Granular Material Meters 


kor ac irately measuring 





the flow of coal or other 
eranular matertals in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read ata 
distance of 50 feet. 
Control Systems. 
\l ike possible the every- 
day operation of equipment for steam 
ceneration and utilization at test eflicien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
uperhe it and other factors 

Complete Iafor ior ny of § B 


BAILEY METER 
COMPANY 
1041 Ivanhoe Rd., Cleveland, Ohio 
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Your 
New Copy 


is Here 


Showing an exceptionally com- 
plete line of linear precision 
instruments. New information, 
new Dial Indicators, new model 
numbers, new Dial Gauges are 


all in the new Federal Catalog. 


Ish for Catalog No. 36 


FEDERAL PRODUCTS CORP. 


144 EDDY ST PROVIDENCE, R. |! 


ETR HICAGC MUNCIE 
EVELAND NV YORK 








Instrument Switches 


Pwo sma rotary switches i single 
e¢ na double-deel ire imnounced, 
ey l S wad ith elevel 1Oou 

lve ) ( mnt I ce tf Si er oT! 
} S ecifier byait ilable it} 

" \ S SIXTY Cor ct points on special 
cle ( i¢ esist ce is constant and 
eis le tha OO15 ohms: surtace 





( ey nimized by employment oft 
stentite nad its ilue is bout LO ONMIS 
Construction is such that maker's Type 
170, ISO or 190 wire-wound resistors may 


readily be mounted \pplications: dee vce 
boxes, thermocouple banks, inalvzers, 
etc Each switch can be supplied it} 
thuminum box, Bakelite cover and alumi 
num etched dial plate Shalleross Vita 


Collinadale. Pa 


Battery Tester 
“Nodel | ISO) Portost -?? IS equipped 
ith four moving-coil instruments. The 


three voltmeters are scaled 0-2.5 and are 


marked DEAD, DISCTLARGED, PARTLY CILTARGED, 
lamp 


oltmeter, by the lt 


ind = CHARGED Three miniature 
bulbs, one under each 


brilliancy assist in explaining the condi 





tion of the batterv cells to car owners 
The mimeter has a 0-300 seale, and an 
tched plate on the panel shows the 
proper discharge rate for ill batteries 

Liles Klectric & Naquipme f (ompar 
A mn Vi 





Surface Temperatures 
a The “Alnor” 
Combination Pyrocon 











or 
Moving 
Curved 
Surtaces Ideal for rolls, molds, 
plates. platens and 
plastic material temper- 
atures 
Write for bulletin. 


IMinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, Illinois 











High-vo!tage High-frequ 


V oltmeter 
1 1 design of high freque 
Oitawe oltmeter of th ( 
tentiometer type is) direct-r 
Prequency rang or 20) to 





is calibrated for 10 to 50 kilo 

Phe current drawn is minimized 
Low capacitance ot thre high-po 
electrode, ind the use of i 
vides assurance that only” the 
which flows through the actual « 
tance between the plates (3 to 4 
is measured by the indicating instr 


General [Electric Co..Schenectad 


Constant-impedance Output 
Attenuator 


Said to be capable of handliu 
siderable power with low insertio 
“Series CIA” output 


dissipates 25 watts continuously, ré 


ittenuator 


less of setting, and has a minim 
sertion loss of 1.3 db. Standard surge 
input impedances ivailable are &, | 
200, 250 and 500 ohms. Other lnped 
iwailable to order. Perforated met 
diam. De 


iction switch selects the 16 attem 


measures £” long by 3 


values, linear up to 45 db. in ste 
3 db. with an end position oft int 
ittenuation. Impedance from load « 
ipprox. three times line value ( 


VWfa. Co.. S \ th St Broo 














jue 


yut 




















Electric Flow Meters 
oft a complete line of electric 
rs for steam, liquids, and gases 
‘s line of mechanical flow me 
nounced. New meters employ 
ter” principle of telemetering 
uments, Oct. 1932, page 244, 
35, page 23), can be furnished 
rding, integrating, and indicating 
idings are transmitted over a 





re circuit, telephone circuits in 


hich does not enter into” the 


ion of the instruments All elee 
contacts are enclosed in olass \ 
rd Bristol meter body is emploved 
sure the differential aeross an ori 
Both transmitter and receiver are 
ped with moisture-, fume-, and dust 
f luminum alloy cases. Conduit 
Ss are provided so that the instru 
may be used with modern wiring 
‘ The Bristo ( Waterbury 


Multi-purpose Tester 


Said to combine in one instrument the 


ivalent of 11 separate units, Multi 
vse ‘Tester, Model 1504, cheeks ny 
tube for worth: Neon short test 


r shorts and opens): separate diode 


metered paper condenser test: elec 


olytic condenser leakawe test: d-c. volt 


er; d-c. milliammeter: a-c. voltmeter; 


er; decibel meter; complete free 


tester. Tube testine is by power 


fput emission method. Quartered oak 
with sloping silver and black panel, 


portable and counter use. Dimensions 
114," 7 : The Triplett 


ectrical lustrument ¢ xs Blu ffton, Ohio 


Speed-regulating Relay 
What is said to be an entirely ne 
design ot speed regulating relav has been 


mreset slo 


produced for maint WMnINnL a } 
down speed (as on a printing press, et 
by controlling i contactor, vhich © 


resistance in and out of the secondary 


circuit of a wound-retor motor his 
new relay consists of two small motors 
mechanically coupled) through a ratio 
hanging set of gears and a differentia 





the frame of which carries the floating 


relay contacts. One motor operates at 





ine frequency while the other is supplied 
it slip frequency from the main motor 
collector rings (renera / efric ¢ 


henectady, N.S 


Generator Voltage Regulator 


\ new in oft irver rocking-Cont 
oltage regulators, designated as “Typ 
Ih Uhave been designed and developed 
for the control of large ind important 
sviachronot machines where high speed 
ot volt Loe recovery, ecurate volt ve 
control nd reliability. are essential. 
modified torm thes can also be obtained 
to control large d-e. generators. Desig 
Incorporates ieh-speed features a We 


is the rocking-contact principle used ir 





makers’ existing lines of voltage regi 


lators The two main parts of the con 


plete regulating equipment are 1) the 
voltage-control element, connected to ( 
machine to be regulated through suitable 


‘ 


potential transt 
contacts when the voltage differs from 


ormers and operating it 


the normal value: 2 the roe sng-con 
tact motor oper ited rheostat whicl 1S 


the means for \ irving the machine field 


current and adjusting it to the correct 
value to give normal generator voltage 
by icting in the exciter field circuit The 
major element of this equipment is the 
rheostat, constructed on a larger seale 


than emploved in the standard re vulato 


ind providing i. greater number of steps 
f higher current-carrving capacity 
When volt ive of svnehronous machine 


is normal, entire regulating equipment is 
it a standstill, assuring minimum wear 


{llis-Chalmers Vita C% Vilzcaukee 

















New... 
“GUTHRIE -LEITZ” 
AUTOMATIC 
POLISHING 
MACHINE 

q 


) 
9 
) 





Outstanding and New Features 


i. Phre Or nore Speclnens Can 


polished simultaneously 

2 } ] + 

2. A new specimen holder automa 
WcallV rotate thre by pec gvuarat 

! 

ecimmy erniy polished tA 
pian o th dar 

. 

se Specimens mM bak j ) 
Can be sed 

1. An electro rage rf va iD 
str noth below th bo shing ais 
exert i nitorny )) | ) 
specimen gainst i polishir 


ede Continuous spre regulator ype 
Its changing from 550 to LOOO 
RPM Wille ichine iS ina 
tion, retaiming ful strengt rf 
motor 

6. \1] parts are easliiv removal 
for cleaning. Changing ie po 
ishing dis requ ‘ nil y i Tew 
‘S cond 


K. LEITZ. ING. 


60 East 10th Street, New York, N. ¥ 


























“Model Can 
Entirely New 
Potentiometer 


The most rugged, most reliable 
and foolproof portable potenti- 
ometer eevr built. 

Its calibration is established by 
basic physical properties of ele- 
ments. No standard cell or other 
chemical device subject to de- 
terioration is employed to stand- 
ardize it. 

reliable in the 
technician, safe 
hands of 


fecurate and 
hands of the 
from damage mn the 
the workman 


( letel self-contained 





Alhambra Way 


Pittsburgh, Pa 








FOR 
Controlling Temperature of 


OVENS WATER BATHS 
LABORATORY INCUBATORS 








where extreme accuracy is essential 


The New 
“hs .4// 


Phis is an ultra-sensitive, vet rugged 





nper iture controlle r de signe d espe 
uly for ranges with upper limit 
f 150 C. or 300° F. Its adjustable 
depe nd 
length of tube. 


ing upon the active 


Operating differential O.1°> C Even 
under most ditheult conditions a dif 


tial of 0.2 ¢ 


is obtained. 


OTHER FEATURES 
Hard Uniform per 


formance 


Burloid contacts 
Operates in air or liquids. No 


rlass to break or mercury to spill. 


SEND FOR BULLETIN 


BURLING INSTRUMENT CO. 


239-243 Springfield Ave., Newark, N. J. 
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Line Insulator Tester 


\ppe irance of “Hipot” tester tor 
string or pin type insulators brings into 
being a new method of testing in the 


field: periodic live-line testing of each 


individual insulator unit on the basis of 


percentage of tot il voltage from line to 
rround. Thus, for a string of insulators, 
ill ike and all good, the gradient is 


SUCCESSIVE volt we \ ilues 


that the 


sucn 


smooth exponential curve. 














\ sharp bre in the curve unmistakably 
lenote Gerecty¢ unit ma ul irregu 
cle ’ | Cl uni 
Cl eed I 1 led OQ) { 
Or ( Col Is¢ ecrtLol 
l Wid l Wel round 
! ( ( \ ( 1e¢ 1! 
( CC ’ I 1K ISIST 
Ct l ( ( a aL 
cle lec ( Se( I cre 
‘ se l pole 
e Dei out Ihe Tri¢ 
1 { (| ( ead ype di 
! ( ( 1h ( be ed ltl 
ut¢ Tet eve if nae hield i 
1 i nde TX ( ! ‘ if Ol ad co 
( (it ! ! rie rihi ) 
1¢ UCT 132 Iv il ( eT ) 
Tee ig! tic disc rer Indic i! 
Lime i elf-« ined with it 
in ! forme d adjusting rhe 
i) juare | s° deep steel « ( 
thre ( oft hicl carries threadec 
Oe for the ry und prod Lo se uy 
1 IK embled Wd conne | 
‘ ugged in s] rp-pointed mM OF 
hich instrument is mounted is) shoved 
into ground, nd rheostat is qdyusted to 
make instrument read “LOO” when. live 
Lie IS touched ibove first insulator lo 
K¢ u test, metal col rs between mn 
tors ire successively touched ind 
ich instrument reading recorded (on 
printed form or on any” cross-ruled 
iper Rolle Smith Ce Woe 
h Blda.. Ne ) (‘it 


Filter for Photronic Cells 

Known as “Viscor” (visual correction), 
i glass filter which brings the spectral 
response of the Photronic photoelectric 
cell into close agreement with that. of 
the human eve has been brought out for 
photometric work based on the 1.¢ l 
Standard eye sensitivity curve, particu 
larly with monochromatic light and other 
light sources whose output the eve has 
difficulty in comparing by using the ordi 
nary photometric methods. It is intended 
for use with direct-reading photometric 
intruments in which a Photronic cell con 
verts light energy to electrical energy. 
While the unfiltered cell responds 
throughout the entire visible spectrum, 
it also is affected to some extent by 
radiant energy in the ultra-violet and 
near-infra-red regions and is more sensi 
tive in its blue and green regions than 
the eye. Use of the new filter over the 
cell maintains cell response proportional 
wavelength or 
wavelengths. Approxi 


to eye response at any 
combination of 














trate eCcuracy it normal 
lunesten 24500°-8200 Kk Z 
mtinuous light source al 
tered tungsten, etc. ) 3.0 «4 
monochromatic SOUTCEeS sod 
mercury vapor, etc.) ~ Hf 


nsmission 


( 
Oximately 37.507. said 





Cathode-ray Oscillograp! 


ey igned for the pec 
r nitting ~ dditio 
te el rineers” » ¢ \ ( 
T liographn ( Ing 
He ) ot ] ( mstrunmy 


‘ ind aes TiC he i! 
me ( rf CLIUSTINVE 
" reneral Urpose SC 
indy | applications | 
be ji he me RCA-913 | 
i sensitivity rf 1.75 ra 
t cale deflecti ith 
1 m-centerimn ( ( ( 
Ww ereen Phe ( ertl 
mpiliher 1 20 
| 
i contro j i 1 I ‘ { 
cle Linear timin Xl 
et mplo n RCA-SS 


its range is 80-10,Q000 eveles. Inp 


consumption is 50 itts cold, 3 
hot All controls on tront pane 1) 
sions 13 ' 9 i Wel 
bs BCA F Dui Re 

/ (‘ay Vs 











Portable Self-contained 
immersion Pyrometer 


l “Pyramid Pyrometer” tor meas 
temperatures of molten brass o1 
n is. furnished with separ ite 
umersion base couples tor brass 


Lineadyyuirn Phumbscrev id just 


handled end permits convenient 
tin before Use to ComMpensale 
ieabole mibient temperature Iles 


vermis positioning thermocouple 


btuse angle to rigid stem. Pistol 

ndie miale i natural hand hold 

designed that Ope rator holds 

aph nad he reference yunction ) i\ 
is body to bring dial in) position 

eading \ hole in base of 

permits hanging pyrometer wher 

Pamms Silica ¢ \ 


Oscillator for Cathode-ray 
Oscillograph 


Ni No. 15¢ i-¢c.-op@rated electron 
test oscillator is said to be suitable 
very application requiring a wil 
CV range It mav be used with 


¢ ot cathode-ray oscillographs in 


+] 


ent pplications, obviating — the 

for a separate Frequency modulator, 

cularly valuable in servicing re 

ers of the high-tidelity ty yr having 
‘ top i-f. stages, which cannot be prop 


djusted with an ordinary output 
er. Output voltage 0.25 max it all 
uencies; output control 3-step attenu 
us continuously-variable adjust 
iriable-width frequency modula 











tlon; sweep rate of 120 times per second; 
t” dial, rotating 340 
fundamental frequency 
total scale length of 45”: frequency range 
of 90-82,000 ke. Dimensions 13%, i) 

71 Weight 17 Ibs RCA Parts Divi 
sion, ROA Mfq. Co., Ine... Camade ¥.-J 


spre iding the six 


ranves over l 


High-voltage Voltmeter 


\ generating tvpe voltmeter, to ime 


ure high voltages in N-ray work without 


reaction on tube or equipment, draws 
power trom high voltage being measured 
ind is said’ to 

repre sent a ne 


principle. Oper 
ition: an insu = 
itor - supported = 
electrode is con ae 


nected to higl 
volt ive line: be 
lon ( le Cy roc 


irmature in the 


form of SEC 
tored adisk 
driven con 
stant speed by 


svnchronot 
motor, rotate 
immedi telly 


LDoV¢ stator 





hich r ¢ 
Yroundes 
réesis4 nee \s 

I re 0 

CS ll hie CLE 

ros IK 1¢ a 
4 ! roe | C11ice se 
I itl oni ’ ! 

teri tel\ 
Cre eC ind ce ( ( ! rerre 
ny vy ot the Csi ( | IS ¢ 

! ( itl currel cure \ ” 
tion » the potenti e elec | 
( re l ( sured \ l 

hat drop cro re ( Tite 

( re { niciiye lor 
i potentiomete Lloused 









RECTIFIER 
|POTENTIOMETER] 














l 


ible cabinet 37” high, new voltmeter may 
be equipped with signals, automatic cor 
trol or a recorder; is immune to disturb 
ing electric fields: may be used for meas 
urements on mechanical as well as tube 


prec tutions, 


rectifiers without special |] 


for “trouble-shooting,” ete Range of 
standard model is 0 to 100 ky. to ground, 
corresponding to 0 to 200 kv. in mid 
point grounded systems. Limit of error 
is O.S% of the range. For higher volt 
ives it is incorporated into built-in high 
voltage systems Leo Behr Harvey 
St... Philade Iphia, Pa 








EASILY CLEANED 

-m Ames 
Shockless Gauge can be easily 
unscrewed, the 
the spindle withdrawn 


The case ste ot the 


lower halt ! 


cleaning and the assembly re 
placed 


without otherwise 


turbing the gaug For deta 

) oth exclusive eatures 
send fc he Ames Gauge « 
ilogue 


AMES )/264// GAUGES 
B.¢4. AMES COMPANY 


WALTHAM, MAS 














Do you know 
your vacuum? 





Let the TRU-VAC gauge tell 
you—accurately—continuously. 
Records pressures from 0— 
10,000 microns. Invaluable in 
processes requiring dependable 
knowledge of vacuum condi- 
tions. 
Its numerous advantages are 


outlined in our bulletin TV2 
gladly sent upon request 


CONTINENTAL ELECTRIC CO 


Geneva, Illinois 
PHOTOCELLS VACUUM SWITCHES 
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MOISTURE 
Content by Drying 


Moisture 7 


Literature 


Harry W. Dietert Co. 


9330 Roselawn Avenue 


Detroit, Michigan 

















HAYS Chemist’s MODEL 
GAS ANALYZER 


is Really Portable 


Combines “laboratory” accuracy with 


‘field’ ruggedness and portability 


\ 100 CC Orsat 
tv pe inalyzer 
ith 1 fragile 
glass parts or 
deli té easily 
broken parts 


Available in one, 
two, oT three 
chambe r stvles 


for COs, CO, and 





Q.. Any desired 
seal range can 
be furnished. The 
operation is 
speedy ind con 
venient he 
pressed stec | case 
is only 1814 by 
i7%, by 4 he 


veight of the three-chamber set, com 

letely charged, is only 1514 pounds 

iken to O.05&% 
MAIL THIS COUPON 

FOR OMPLETE ILLUSTRATED CATALOG 


fhé|JAYS CORPORATION 
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Photoelectric Relays 


Three additions to maker's standard 


line oft photoelectric relavs are said to 
be unique in that no mplifier tube 1s 


required. Impulse from phototube is im 


pressed directly upon the grid of a 4 
element inert-gas-filled “Thy ratron” tube, 
vhich controls a magnetic contactor ¢ ip 
ible of making or breaking 35 amps. a.c 
or carrving LO LPs continuously Speed: 


20 sec. 


\ light flash or interruption of 1 








on 60-cycle power supply is sufficient to 


cause operation of the magnetic con 
tactor. “Thyratron” tube conducts and 
thus energizes the magnetic contactor 


when the phototube is dark. Two of the 
relays can be so adjusted that 1 foot- 
candle illumination on phototube is suf 
ficient to cause contactor to be de-ener 
gized and open its contacts In the other 
new relay, only 1/10 foot-candle is re 
quired to cause contactor to open its 
contacts. In the magnetic contactor, elimi 
nation of flexible shunts assures long life; 
use of a metal panel and short leads re 
sults in freedom from undesirable effects 
of external electrical disturbances; the 
panel (illustrated) can be taken from its 
case by removing three screws. The type 
of “Thyratron” employed allows the use 
1f these relays at unbient 


from 20° ¢ to 50° 


temperatures 


ranging Recent 


ipplications of these relays ire said to 


indicate their practicability where slow 


light changes are encountered. This is a 


result of the snap iction given the mag 


netic contactor by the sudden firing or 


cutting-off of the ““Thvratron.”— Genera 


Klectrie C Schenectady, N. ) 


Car Ignition Tester 
With this new I 


enition ‘Tester, it is 
said that | ceccurate elec 


“extremely 


made on the ear 


tests can be battery, 





renerator, ignition cables, coil, condenser, 
spark plugs, lights, wiring, distributor 
cap and rotor, radio resistors, etc.” Units 
mounted on the sloping panel consist of 





i voltmeter and milliammeter. 


Neon tube 


riup issembly, 


the moving-coil type, 
justable spark 
switch and motor control rhe 
the front vertical panel are mi 
6-volt motor-generator, wit} 
breaker assembly, and a coil hy 
motor-generator is stable in oy 
which makes it possible to test 

the specification method. This 

supplies 500 volts d.c. for condens 
Operating instructions are furni 
gether with an “Allen Electrical VJ 
ind each purech iser is personally 
in the operation of the equipme 
factory representative {lien | 

Nalamazoo, Mic] 


Nquipme if Co 


Automatic Intermittent 
W eigher-feeder 

\ new line of automatic “P 
Batch-Weighing Machines” incor; 
i. recent development of maker's “\ 
Flow Feeders.” Illustration shows ne 
chine with the weighing hopper mo 
on an even balance type of scale ar 
from the main supply hopper thr 
Vibratory Feeder | 
veyor.” The scale is equipped wit} 


the medium of a“ 


electrical controls: one cuts out the 
speed feed through the conveyor 
ipproximately 80% of the bat 


weighed, the second stops the slow 


ble feed of the conveyor when the es 


weight is reached. Then the machine a 
matically dumps the weigh hopper 
repeats the operation. Machine is 

ible in various sizes according to | 





also is avail ible 


SIZeS required It 
three different types of control: (1) \ 
in automatic, electrically timed, cont 


uus-repeating mechanism that will 


matically weigh out batehes and dt 
times a minute; (2) 
dumps the 


iutomatic lly as soon as the batch co! 


them so many 


other design 





\ 


scale hop} 


to weight, repeating the procedure aut 


matically; (3) Machine with means 
manually dumping the hopper after 
weight. The Syntron (¢ 
Pittsburgh 


spection of 


j00 N. Lexington Ave., 


i 

















heories and 


} 


Definitions of Hardness 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 


GENERAL CONSIDERATIONS 


what was for its time, and still is, a thought-pro 


gy article, Aue rbach’ discusses the question of “abso 


hardness.” The first part of the opening paragraph, 


inslated by Barus”, is worthy of quotation. He says: 
irdness, aside from its practical importance, is one of 
most remarkable properties of solid matter. This is 
wn at once by the difficulties which have been en 
ntered in the endeavor to arrive at an accurate inter 
tation of it. Indeed, the attempts to solve questions 
lating to hardness are of very great variety, and are 
eptionally large in number, and they have in a meas 
led to some interesting results; but the subject in its 
oader bearings has not been attacked with success, nor 
is a rigorous definition of hardness been established. 
Problems which present themselves in dealing with any 
f the physical properties of a body may usually be di 
ded into three sub-problems: The first among thes« 
neludes the scientifically exact description of the con 
eption in question, so that the property may henceforth 
be treated as a purely mathematical variable. Then this 
quantity is to be measured, and methods and apparatus 
nust be devised for that purpose. Finally, the measure 
ments are themselves to be generalized by being extended 
to as many bodies under as many different circumstances 
iS possible.” 

This may be summarized by saying that in the inven 
tion of any measuring device there are three distinct 
steps: (1) An idea or a theory, a mental picture of 
what is needed. (2) The actual development of a meas 
uring instrument. (3) Widespread use of the instrument 
to show its applicability. 

The forty-odd years since Auerbach wrote his paper 
has afforded many investigators the opportunity to carry 
ut the third and last step suggested by him. The fact 
that we are not able to establish a reliable conversion 
table connecting 500-kg. Brinell numbers with 3000 kg. 
Brinell numbers is sufficient evidence that the absolute 
measurement of hardness is still a thing of the future. 


HARDNESS DEFINED 


In trying to arrive at a definition of hardness from 
the physicist’s point of view, it may be well to consider 
some of the newer tools and theories which should have 
some bearing on this topic. The first great tool for study 
ng substances in relation to hardness is the X-ray tube 
ind the first important theory is the electron theory of 
latter. This tool and this theory were not available to 
Auerbach forty-four years ago. Have they any contribu 
tions to make to our present problem? As Auerbach 
pointed out, one must in his imagination have a clear 
concept of what is happening before he can even begin 
to formulate mathematically the concept of which he is 
hinking. A preliminary definition of hardness has al- 
eady been given as the resistance to penetration by an 
other body. Given then a definite penetrator and a defi 
nite penetratee, what is it that penetrates what? 





1] Auerbach. Absolute Hartemessung. Annalen der Physik wu 
hemie, Vol. 43, 1891, pages 61-100. Ueber Hartemessung, inbesonder 
n plastischen Kérpers. Vol. 45, 1892, pages 262-276. Us die Harte 

1 Elasticitatsverhaltnisse des Glases. Wiedemann’s Annalen, Vol. 53, 

4, pages 1000-1038. 
°C. Barus. On the Absolute Measurement of Hardness. Smithsonian 

rt, 1891, Miscellaneous Documents of the House of Representa 
Ist session, 52nd Congress, Vol. 43, 1891, pages 7-236 


It must be admitted at once that in starting off in thi 
fashion we are not starting de novo on the subjyec ot 
hardness. Rather are we allowing ourselves to be biased 
by a point of view regarding hardness which has received 
considerable public recognition. However, if we know 
what we are doing, this preliminary definition of hard 
ness makes a good point of departure for further dis 


cussion 
rHE NATURE OF MATTER 


There are three states of matter—gaseous. liquid and 
solid. In the discussion of hardness, attention will b 
paid to only one state, name lv, the solid state. The very 
nature of the property of hardness would make this 
clear, although it is not always easy to distinguish b 
tween solids and highly viscuous liquids. For instance, 
what are tar and taffy, solids or liquids? 

Both the electron theory of matter and a study of 
materials by X ray analysis argue that our material 
universe is granular in its structure. It is composed of 
atoms. This applies to all states of matter. The forma 
tion of these granules into solid aggregates is brought 
about by the mutual attraction of these constituent par 
ticles. These forees of attraction are called adhesive 
forces when the particles are dissimilar and cohesive 
forces when they are similar. So long as these particles 
are not at the absolute zero of temperature, they may 
be thought of as being in a state of continual thermal 
agitation. The attraction between the constituent gran 
ules will be greatest at absolute zero, but will be 
diminished by the thermal agitation of the particles as 
the temperature rises. In general this will continue until 
the solid passes over to the liquid state. 

When one body penetrates another there is a grou] 
of granules forcing themselves below the surface and in 
between the granules of the body being tested. In this 
process the distances between the constituent particles 


have been changed. Some have been separated and some 


have bee n pushed close r together This has occurred both 
in the penetrator and in the substance penetrated. For 
the most part, the distance between the granules of th 
soft body has been changed more than in the hard one 
To geta cleare} picture ot this conce pt, recourse must 
be had to present theories of atomic structure and the 
positions which these atoms take in the solid agg ite 
as shown by X-ray analysis. The kinetic theory of 
matter. discharge of electricity through gases,” radio 
activity.’ magnetic phenomena, spectroscopic — evi 
de nee, photoe le ctric phe nomena, and m iny ( the r d 
( Ww. ( | | 
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Co " sOtrie ol the 


t nified picture of the structure of matter. This is 


n inde rst inding thre prope rty ot hardness ind 


procedure for its measurement. 


' 
state he cohesive and idhesive rorcees are 





mg that the atoms retain fixed positions relative 
ther This prod ices an aggregate which has 
| tains definite torm. Resistance to change in form. 
t hange of relative positions of the atoms COMpPos 
odv. u iV b detined as the rigidity of that ma 
Phe stress necessary. to prod ce permanent de 
+ ; } +» ; } ] 
m ot the structure of the solid is most intimately 
t prop v of hardness, for, in the measur 
of irdness bv oa penetration method, it will be 
Oo vary permanently these fixed positions 
VI I itoms bear with re spect to « ich other It 
; wroey to alte hese fixed positions 
X-RAY ANALYSIS 
i th researches of von Laue ind the two 
}? ‘ +} bo 
I> rs ither and son, some definite cones plions may 
ned as ) ow thre itoms are irranged in solid 
+ 4 ] 
ou re Vv projecting \-ravs through crvstalline 
| t ybservers were able to show that the atoms 
eis 
a ae 2 : j 4 
h 
+ | | 
j | 1 
i 
| 
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| ys Sem 
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big \rrangement of X-ray tube, crystal and photographic 
plate for photographing von Laue’s figures. 


mw fT cr stall Were irrang d in 1 svmimetrical 
In | 
) fact. was this verv orderliness of the atoms 
] ' 7.7 both Lee 
\“V | POSSTD Le oO St iervstailine substance as 
' Bia ' ' ] +} 


ire and learn not only the wave-leneth 


XNeravs used, but also the distance between the 


Phe peneil of X-rays. in passing through the 
lid aggrega Mt atoms, arranged in orderly array. 
M ditfract d ty them Phese diffracted X-ravs pro 


luced diffraction patterns on the photographic plate set 
cryst il. See Fig. 3. From the photographic 
pla es produced by the ervstal acting’ as 


grating Set lig 


| the grating space or distance 
determined. One of th 


media with which they first 


itoms could be 
worked was 


rdinary cooking salt. NaCl is the chemical formula for 


rvsta lime 


salt or sodium chloride and it tells us that one atom of 
sodium joined to one atom of chlorine makes one mole 


cule ol salt 


From the diffraction patterns, which they 
photogr aplre d, the observers of the cry stalline diffraction 
of X-rays were able to build up a picture showing th 


irrangement of the sodium and chlorine atoms in the 


solid aggregate.’* Fig. 5 shows a model of the arrange 
M. ¥ | Vo ' iges 
tei: is roe \ pat 
‘W. H. & W. L. Brags Cimetaiitns Gis. Chest 3:6 
MacMillan Co.. New Yor! 4 
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important factors in leading 





ment of the sodium and chlorine atoms in simp 


order. In this graphical re presentation, black an 
balls are strung on a wire lattice. he white bal 
black bal 


atoms, It w is found that thre atoms w 


represent the sodium atoms and_ the 
chlorine 
ranged in a cubic lattice work with sodium and 

itoms alternating at the various corners of. th; 
The distance between the planes formed by this 
arrangement of sodium and chlorine atoms is 2.8 
em. which is of the same order of magnitude as 
diameters of the atoms themselves. Some substan 

on one crystal form while others take on another, | 


G is shown a face-centered cubic ervstal. wl 


] 


lig. 
lig. 6 represents a body-centered cubic crysta 
first an atom is at the center of each face, whi 
latter an atom is found at the center of the cul 
[ron, for example, possesses two modifications, 
ind gamma iron. Alpha iron has a body-center 
lattice gamma iron a face-centered one. The fo 
stable below 903 > C. and also above 1400 ° C. up 
melting point, while the latter is stable only b 
, j ~ } 


these two temp ratures. Figs. 7 and 8 and then 


will help to visualize these two states. 





Fig. 4. 


Pattern produced on the photographic plate | 
central and diffracted X-ray beams after passing throu; 


crystal of rock salt. 


WHAT Is A MOLECULI 


One fact should bs emph isized in considering | 
If the formula NaCl represents a molecule of 
composed of one atom of sodium and one atom of 
ine, the question arises which combination in | 
forms a particular molecule of salt? Take any on 
of sodium and around it are eight chlorine atoms, 
one of which could be the mate with which the so 
atom forms a molecule of salt. The point is, that 
crystal solid aggregates the idea of a molecule has 
or no meaning. We are dealing only with inter 
intra-atomic forces. These are the cohesive and adhes 
forces about which we have been talking and in wl 
concerned in this discussion. ‘These forces 


cohesion and adhesion are the most fundamental char 


we are 


teristics with which matter is endowed. In the use o! 
penetration method, the inter- and intra-atomic for 
are the forces to be overcome in giving a perman 
deformation. They form a part of the forces agai 
which a penetrator must work when a penetration met! 
is employed. Nor should one lose sight of the for 
between the atoms of the penetrator in a study of har 


ness. Strains are set up between the atoms of the pen 























is well as in the material penetrated. Most pene 
rs are made either of steel or of diamond. Figs. 7 
8 showed the arrangement of the atoms in the two 
of iron. while Figs. 9 and 10 show the arrange 
of the atoms in a diamond. These factors will b: 


SS¢ d late r. 


NONCRYSTALLINE MEDIA 


contrast to an orderly arrangement of the atoms 
erystalline aggregate is the disorderly arrangement 
ms in an amorphous substance like glass, fused 
z, or obsidian. From the standpoint of the physicist, 
iardness of amorphous bodies is particularly inter 


1 1 


ia because neither the metallurgist not the mineralo 


9 
Ere fs 
i j 
Lost [be | 
71 | be F 
(te 
J e Bap * 
4 Pe a 
r. 5. Arrangement Fig. 6. The arrangement of atoms (a) in 
sodium atoms face-centered cubic crystals and (/) in 
white balls) and body-centered cubic crystal. In (a) there 
lorine atom i vom at the center of each face. In 
(black) in a crystal (b) there is one at the center of the cube 


of ordinary salt: 


Simple cubic latiice. 





Fig. 7. Arrangement of Fig. 8. Arrangement of atoms in 
atoms in a crystal of alpha a crystal of gamma iron. It has 
iron: body-centered cubic a face-centered cubic lattice. The 
lattice. In penetration meth- forces between the atoms in this 
ods for measuring hardness. arrangement are different from 
these atoms are permanent- those in the alpha form. Other 
ly pushed aside; and the factors being equal, the hardness 


way they are held together of gamma iron will be different 
letermines the hardness of | from that of alpha iron. 


au 
he iron. 


t 


gist has been concerned with this class of bodies. Quartz 
s of interest because it is obtainable in both the erys 
talline (hexagonal) form and also in the fused. or 
imorphous condition. It may be that glass in the amor 


it Seems 


phous state is in an unstable condition. With age 


4 


to go over into a crystalline arrangement. Not only has 
rubber peculiar elastic properties in the amorphous 


ta} 
t 


state, but on stretching and also on reducing to low 
temperatures it shows a distinct crystalline structure. 
There is still a third class of substances which on 
interested in hardness should study. These are living 
substances, particularly plants, of which wood is a good 
example: the cellular structure of wood fiber is irregular 
and yet within the cell wall there is some degree of 
regularity to the arrangement of the atoms. Even in 
our finger-nails there is some orderliness to the arrange 
ment of constituent atoms, as shown by the fact that 


] 


a beam of light passing through a finger nail becon 


polarized. 

These three fairly distinet tvpes of materials, crys 
talline, amorphous, and nonisotropic, contain most of 
the substances in which hardness plavs a role; and all 
three types of bodies must be considered in a compre 


hensive study of hardness of matter 


PHYSICAL PROPERTIES ALLIED TO HARDNESS 


Also in this picture of solid aggregates comes the idea 
ot brittleness. This relation has been brought out in an 
interesting wav by Polvani. \ solid bodv subjected 
to a mechanical load alters its form. If on removal of 
he load, the bodv returns to its original form it) has 

e o 
e ¢ e e 
a7 o 
o—_o—_ 3 _o— 
» 
q+ _@—_—-@__ 9 2d ? 
oe w ” 
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or) a % 4 
a 
Fig. 9. Arrangemen’ of cat Fig. 10. Arrangement of carbo 

g g g g 
bon atoms in a crystal of dia iwtoms in the diamond crystal 
mond. Horizontal and verti Horizontal — plane normal 
cal planes normal to page ar« page are (111) planes 


(110) plane 





(Left) Fig. 11. Balls piled in a cubic formation of closest packing 
(h). Attach one of the extra balls in (a) to each tace of the 


tetrahedron in (4) and the face-centered cubic crystal unit in 


Fig. i2 is obtained. 


(Right) Fig. 12. In the lattice on which crystals are built ther 
may be found a unit cell which is then repeated throughout th. 
crystal. This unit cell forms the crystal unit, which is the small 
est piece of matter which can possess all the properties of 


crystal. The above is a face-centered cubic unit. 


been elastically stressed. but if a part ol the defo 

remains, it has been over-stressed.” If a rupture 

whole occurs ¢ isily, the substance is said to be | 
Elasticity is that property of matter by virtue 2 

which a material tends to recover its original shape and 

dimensions when the straining foree is withdrawn. A 


body is perfectly elastic if the strain disappears when 
the external stress is removed. Under such conditions 


the strain is called “elastic strain 


Plasticity is that property of matter which allows it 
to be deformed into various shapes. A perfectly plastic 
material is one which can undergo an indefinitely larg 
permanent deformation. The strain thus produced is 


called “plastic strain.”” Continuing, Polyani says, “Over 


M. Polyar Deformation, R 
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stres 1) he body or merely deform it: only 
Wher rv brittle does rupture occur without pre 
i mn Chis means that for brittle bodies 

' { ] 


rees are relatively extremelv small 
{) iinst non-ductile or brittle materials st inds that 


rials known as ductile bodies Gold, silver. 


Te ild steel are examples of matter which are 
if being drawn or rolled without actual rupture 

mnds between their atoms 
( p of Metals. While the phenomenon of creep in 
ordinary te nperatures Is negligibly small, it 
innot ft ignored in measuring the hardness of sub 
rk nm which the creep effect is large. This property 
itter and its relation to some magnetic properties 

4 j Se | teey 


WHAT IS A SINGLE CRYSTAI 


| WOKIN it the structure of a ervstal as in Fig. 5. 


1 y ask, where does a ervstal begin and where 





Fig. 13. Photomicrograph of grains in single crystals of silicon 
steel, 315 of silicon. In No. 93 the cubical grains have their 
surfaces almost parallel to surface of strip. No. 100 has them 
tipped up just a little more, while No. 80 has almost equal 


5 See Fig. 12. 





Fig. 14. This shows how the crystal units in Fig. 13 are oriented 
with respect to a strip of silicon steel as the single crystal is 
grown under a predetermined strain in a steep temperature 
gradient. The strips are about 25 l 0.1 cm. and constitute 


1 
1 single crystal 





Fig. 15. Single crystals of silicon steel in the form of strips 
25 l 0.1 cm. 





does it end? Polyani has answered this question 


excellent manner: “Since Laue’s discovery of. ¢ 
fraction of Roentgen ravs by crvstal lattices. 
ception of a crystal and its structure has underg 
change in the mind of a physicist. When we speak 
of a crystal we no longer think chiefly of the r 
external forms, the crystal faces and edges, whi 
merly constituted for us the distinguishing charact 
tics of a crystal. The most important feature is 
the erystalline structure made visible by thes pheno 
of retraction; that regular arrangement of. the 


which we designate as. the crystal lattice. Whe: 


instance, a sph re or rod is turned from a cube ot 


salt its crystal faces disappe ir, but since the sph 
rod has the same lattice structure as the cubs 
which it was made, we regard such a body as acr 
of rock salt and speak of it as a monocrystalline 
The paper’’ from which this is quoted should be r 
those interested in this phase of the subject. 

In military reservations or navy yards, one ofte 
old-tashioned cannon balls piled as are the balls 
11, b. The cannon balls are said to be in cubie an 
ment of closest packing because the resulting \ 
per sphere is the least possible. If the four extra 
in 1), Fig. 11, have their nodules slipped int 
proper place on each face of the tetrahedron comp 
b), Fig. 11, there results the crystal unit) show 


Fie, 12, which is one of closes packing to for 


crystal unit of a face-centered cubic unit 1 comps 
of Fig. 12 with Fie. 8 will show that the @amn 
‘rvstal is composed ot these units. 

\ polyerystalline body is one made up of an ag 
gate of monocrystals, the faces of the latter being 


in helter-skelter fashion throughout the entire po 


] 1] ry’ 
ot the polverystalline structure he ervstalline st 
— bin fates | 1 illustrat e a] 
ure Of metals furnishes a good illustration of th 


lig I3 1S a microphotographic picture of an 


surtace of silicon-steel showing the arrangemen 
ervstal units in the structure as a whole. Fig. 14 


nishes an explanation of Fig. 13 while Fi: 


photograph of a single ervstal of silicon steel. Oft 


there will be zones in a polverystalline body in w 


: ee 
i monocrvstalline formation holds. This is) show: 
| 1g 16. ( inn 





Fig. 16. A photomicrograph of the facets on a piece of silic 
steel. Mag. 35 
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he last decade the application of grid-controlled greater current to be passed through th - 
isCOUus dischargt tubes has increased by le aps and low CSSt ntially constant drop j ist § ithe ent to I 
suuinds. ‘The ability of these devices to out perform the gas. 
inical relays in sensitivity, high speed of operation, A grid interposed between the cathode and anod 
ility as rapid duty “contactors,” and general adap gas-or vapor-filled tube will prevent an are from st 
ty for automatic operation, gives them an extremely ing between the cathode and anode if the grid is n 
ipplicability. In addition, Qaseous discharge dev Ces tarne d it a volt ige more negative hy in the critica 
thermionic cathodes always have a rectifying char potential. 
stic as a consequence of the asymmetry of the elec When the grid potential reaches a critical va 
properties. This characteristic permits ot special tube breaks down and current is conducted in the 4 
tions which are altogether impossi of an ar In this condition 
vith metal contact re lays, The indus through the tube reaches a low and 
nstrumentation engineer, constantly) tially constant value throughout 
lookout for ways and means of con of conduction. During this period o 
ng and switching both large and small duction, the space between the thod 
nts of power more rapidly and effec inode is filled with a plas . 
finds many and varied uses for positive ions and electrons in equal 1 
bes. Some of the more important bers, and the grid is no long tT ve 
justrial ipplications to which Grid controlling the d harg | ! n 
w* tubes can be adapt d are as fol the anod s ind pr ndent of voltag 
S the grid and. with a gative voltag 
Production line control Operation from plied. a posit mos ith 
ipacity or contact of obj cts in pro tround the grid. Ih ising thre v 
m line chutes voltage merely increases th kn 
() burner safely device Ope ration this sheath and. t ) Lo ) 
the conductivity of the furnace flame sheath being at the san potent i 
Phototube ampli fi r Operating from plasma, the potential on ntro 
linute currents passed by a phototube. ber cannot be felt vond 
Lime delay relays—Operating from the inode potential st then ite 
“ change in voltage ACTOSS 4 conde nser ill rwinka” Cle ONS D | tl S nd th 
series with a high resistance. to disapp ir, thereby pre tting i 
Illumination dimming control By the to regain control 
f the tubes directly in series with th By using these soon rnating 
gehts or by the use of a three-legged re nt at comn Clak Trequenct tl " 
yy saturated from the tube circuit. oltage interruption or r rsa 
Vanual or automatic motor speed con race tse lly present ind grid nit 
Operating trom the variable field or gained every ©) 
lature voltage obtained by selecting by If the potential app to t vu 
ins of tubes, various fractions of each changed over the rang riven Dy t 
voltage wave. characteristic S Fig. | he anode 
Spot welder control Operating by ye riodic switching ential necessary to initiate an are may be iried, so t 
the a-c. supply by means of grid control of the tubes. moa.c. the point at which current starts to flow car 
Readers of Instruments will think of many more. It varied over the entire forward half-cv \s pre 
purpose of this article to stimulate the extension of mentioned the current continues to How until near 
ch industrial uses by presenting a general and then a end of the evele where it goes to zero and the grid 
recite discussion. VaIns control If. therefore. the or d s so biased 
breakdown occurs on a certain portion of the sueces 
OPERATION OF GRID-GLOW TUBES half evele s, it appears as though the current has aet 
Grid-Glow tubes are somewhat similar to vacuum been interrupted although strictly speakin 
es in that they have a cathode grid and anode, but prevented from starting. 
Vv are radically different in characteristic because the \ \ grid-controlled gaseous lischarge tul wl 
filled with an inert gas or me reury vapor. The con characteristic independent of temperatur s an ol 
tion of current, therefore, is not by electrons from Improvement In the case of a vapor-filled tubs 
cathode alone, as in the vacuum tube, but by ele icteristic is greatly dependent on the operating 1) 
‘rons moving from the cathode to the anode and by posi ture of the tube. but in one filled with an inert g 
ve 10ns moving toward the cathode. The presence ot such as irgon or heliun the concentration di no 
ese positive ions prevents the formation of a space greatly over the operating range and consequently 
harge, which is found in vacuum tubes, and allows characteristic remains essentially constant. Fixed op 
Vesting t: fine ceil cantesiied onset fan tion of apparatus is thus assured over extr ing 








ambient perature with no other lag than the time the inverse or forward direction, will probably di 
, lif f the tube and ust be gu . r st 
req ad 0 Ene 4 ithode to reac h opt rating te In pe rature alts ‘i : aaenanee Jeral = irded — 
, { | , NVote—In circuits where oscillations are press 
I} idvent of temperature-free tubes such as the new ' 
‘ . Clal peak volt ige measuring device should be en 
KU 636 Grid-Glow” tube, with a negative control char measure the crest value 
t t ip to ¢90 volts pe ak and a sensitivity nearly Vaxrimum Crest Anode Current is the highest ir 
j to the mercury-vapor type, opens up a prac tically current that gas or vapor tube is designed to ¢ 
ss tield of possibilitic s. In the remainder of this rently in the direction of normal current flow Phi 
' ; , ' , mined by the maximur ‘lectron emission of the t} 
“ shall deal specifically with this particular Ee ees saat ; 
. the maximum value of current the cathode can si 
}) i short time without damage 
| Kl O30 Cri | Criow ibe Is i grid ontrolle | 1k 
at wigeptcingpcntetr nei Maximum Average Anode Current is the high 
sing i ther Onc ¢ ithods 9 fille d with helium il steady direct current that L gas yr por tube 
Ww oD ind operating on the prim ple described carry continuously, o if the current is rapidl 
’ pres lin para s the maximun 
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I rye? tub non-cond 
ig. 1. Typical characteristic, KU-636. 
\] Ove Cile grid curl 
1) ( ine 4 composed on y ot 
1 1 . Ratt ter 0 ‘) 
‘ ' ! ad N HI tive ions flowing to the grid and is extremely s 
Base ( No. 3903 . 
ly ( \ir The (vp il Starting characteristic curve of th iN 
636 is given in Fig. 1 and shows the relation betv 
d-c. anode potential ind d-c. grid volts, which « 
teristic is practic illvy inde pe ndent of npe iture, T 
with the circuit and constants shown at the top of Fig 
ton ) ell at this point t ine “« full 1) ah , | 
It may well at this point to define more fully the This curve gives the critical grid potential which 
limits -atings rj } ahi) ‘ F 
simMit ind ratings as given in the above tabulated de just prevent anode current passing for instantan 
acre a 
Cripuen. anode potentials up to 750 volts which is the max 
V Inve fnode Pote is the highest 1 crest forward anode potential rating of the tube. It 
s eCoOl ‘ t S rr vapor-filled t ) ill ifely 
cathode is operated on d.c. instead of a.c., as shown, 
stand in the direction opposite to that in hich it is designed 
hn i veh ial the grid return brought to the negative end of the « 
Vv Pp a a See ee ee Se ee eT ode, the characteristic will be shifted positively al 
! ( es mrad dé en S ne cy st . 
tantaneous voltage that a gas- or vapor-filled tube will safely the grid voltage axis. On the other hand, if the retur 
stand in the direction in which it is designed to pass current taken to the positive side of the cathode. the charact 
ind with the control member adjusted to permit maximum . . , . - 
i istic will be shifted in a negative direction along the g 
unode voltage without conduction 
f ; ; voltage axis. The total shift between these two cur 
The two voltage ratings of the tube are determined by the . 
following factor 1) ee. Aaaal Ot weil wate Sultans will be equal to the difference in potential between 
Olle 1 iy Cl Ss: ) ( Ne fy ph 
peaks which exceed the value given for the KU-636, either in two ends of the cathode. In the case where the return 
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) either side of the cathode supply rather than RECOMMENDATIONS FOR OPERATION 


iter tap, the shift will be approximately equal to TI eS 
i ie cathode ot the wal O50 18 of th oxid ‘conted tv pe 
es the r.m.s. value of one-half the cathode voltage. e seis a 
and must be run between ») of rated voltage If the 
rid control ratio is determined in the following manner: voltage is too low, a high tube drop results. which in 
the portion of the curve between 3.0 and b.5 volts turn causes bombardment of the cathode and a conse 


The difference in anode potential between these two 


Wwidi Q6 quent lo ft emission ‘ thy ot] r |} I t] ‘ thode 
= 350 volts. Dividing 350 volts by the change in grid | OSS ¢ s1oOT lf mn t th hand ie " d 


5 volts, gives about 230 as the grid control ratio. This voltage is too high. ey iporation of the cathode takes 
emains fixed as long as the tube is operated on the place. In either case the characteristic is not seriously 
portion of the characteristic, that is between 100 and affected but the tube lif s shortened. 


d.c. Below this value the slope of the curve changes es 
o a Like other gas-tilled tubes. the KU-636 has no in 


nd consequently the grid control ratio follows in like 


is can easily be seen by ipplving the same method of ent current-limit ny characterist s and thereto i 
tion. Fluctuations in the ambient temperature, having sistor must b sed in s s with it to rd eX ling 
yreciable effect on “tape sethsiicaes 
erating character 
ne Th ‘ Dp to 
ikKewise have ho uv } 


ciable effect on the i reac P 
Col trol ratio bhi ri : ; 
GRID CURRENT I | i 
The curve 7g shown _——_ | Saat 'etn beth cakes 


Fig. 1 is the typical 


ot instantaneous 





























1 current for any Whe d rn ' 
U-636 Grid-Glow : per od of the Kl 4 
This is the in | s-ahonk@1 nd 
meous erid cur | ) it tl rod 
t at the moment thre \ ve wi 
le current Is ready } tive for t yort 
flow. or, in. other LOAD { ne in ler tha 
‘ yordas, the erid cur " POSTTIN ! i 
Tore bre akdown. FULL-WAVE OUTPUT 1 mo bine nad t rrid 
This is determined by regain control | 
cing the difference } mits th iserull 
orid potential, nec Bi it { +}, , » { 
( ir\ to allow the . “ 00) 
‘ ») pass current, ae | { q 
tween R, 0 and , oO 
000,000 ohms over S t} 
operating voltage nitro L 
t nge ol thre tube. 7 vn 
The grid current at } 
gative orid poten | 
s with re spect to lig , 
cathods IS nega theo “i 
for all practical A-C.OR SYMMETRICAL OUTPUT KU -636 
ide voltages, as can | 
seen in Fig. 1 and Fig. 2 TT . 
a nsists ot positive LOS I Wil . and 
lowing to the g@rid. 
| S¢ POsIlive IONS ALE produced by collision bye twe n Lhe Ou pul Wil res ilt ne tron f “WV 
p the electrons trom the cathode and atoms of. the gas. Lt for breakdown as early n the evel 1S ossib] | 
v be likened to a saturation or leakage current. As thi condition can be obtained only when the tubs la 
k i d is made less negative thre erid current diminishes, by relay Or aS a Stra oht orid contro ed ues | ( scharg t 
“ ison of an increase in the rate of arrival of electrons As mentioned above, bv controlling the poin nt 
the grid, until a certain critical value of negative grid i-c. Wave where the tube conducts and current begins 
otential is reached at which there is no resultant flow flow, the average rectified output of the tul iv be varied 
g f current to the grid. As the negative grid pote ntial Continuous variation of output current as a function 
"\ s turther reduced. the effect of the electron current of input mav be obtained from the cireuits in Fig. 2 by 
é nereases and the resultant grid current becomes posi using phase shift or varving the voltage in the grid eit 
: tive, rising steeply. In this region, the electron current cuit, thus controlling the point on the evele at which 
» the grid has completely overshadowed the positive anode current starts to flow. Once started. the discharge 
nm current. continues for approximately the remainder of the half 
1 The maximum instantaneous grid current is determined in evel It the tube is st irted earlier in the half-eyele, th 
x e toliowing manner: average current which flows is increased and so the out 
° \t a point on the typical control characteristic curve, drop put can be varied from essentially zero to a maximun 
; perpendicular to the grid voltage axis across this axis until value. 
A the perpendicular intersects the grid current curve. The grid 
rr irrent as read on the Y axis for this point of intersection is ad gerne a niabs 
mn le maximum instantaneous value of grid current before break Se - Se Pera Vol S41 
< wn for the corresponding value of anode and grid potential R. N. Sto t New 7 rf RR \\ 
. \s a rule the grid current during conduction is of little con neering, Vo 3, Oct. 1 
n sequence, except it be limited to prevent heating of the elec ra _ Hi od f oe 1. Be * : 
trode, and so it has not been plotted in Fig. 1 Jar “pa 
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Cathode-ray Oscillograph Applicatio: s 


| 


| \ 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. ¥ 


MAGNETIC TESTS guidance he can judge whether such variations 


the rejection of the item. With some of these 
I hie nethod ot itiliizing magnetic tests tor the deter 1: ; : 
little in the way of extra equipment (other 
ination of purely mechanical characteristics of ferrous ; . 
1 “ie 11 . cathode ray oscillograph itself 1S required, 
Te ts. in both mill and fabricated forms, has become 


indard not only in laboratories but in the test rooms DELINEATION OF THE NORMAL HYSTERESIS CU) 


many factories. In such tests, however, the magnetic ' 
on ) ns is of importan Wteks eneen As usual, the normal hysteresis curve is prod 
mtory ot lt SPCC ~ s © I or i Ct ag * 
Si ait in adiicaie ppearing bj plotting the relation between the flux density 
Mit I< Trit nods of i il sis Cet i t t*¢ Ss Appe: vy . 
eat we : it hla P then tons ipparatu ; nates) and the magnetizing force (as abscissa s 
reason of the ¢ rene: Se SIT t ess oO it CSL sé mar: Ss) . : 
elles aiid, weeklies he Ai, eeedil. elimi methods are available, by which the hysteresis ce 
may maicaAate Wide i iLIOTS 1 t ALT ( struc t : . Fie 
chich 1 ttl Meck on the sevthanieal seeperth be delineated in its entirety. In the direct method 
Wiiilet nave LILLit t t*¢ a) Hit mec Ci ( ( S . ; 
} QUlpine nt using the circuits he reinatter de scribed will trom the sample itself - applied to the neck 
: sii Sieaidile wtiitettiassc: Til te te Menai ah cathode-ray tube, so as to produce a deflection 
ISCLOSt in magnetic iflations [ { Ss evon t fo. 2 
scope of this article to show how the resulting oscillo vertical direction, as in | ig. la and Ib. lhe circuit 
' n be interpreted from the metallurgical stand show the method of obtaining a horizontal defi 
VTAaAmMs CA Tl t¢ ete? Ol ( t i YiCci Sti : ‘ 
oa us kis which depends upon the magnetizing force. 
point. The oscillograph will not answer “yes” or “no I ; 
is to whether a piven sample will have certain pli sical | at cae “age sae ome gene per 1s 
’ . duced, mainiy due to th act that the fle Is not 
haracteristies, but it will re port instantan ously whether ‘ . Sie e fact ; _ . 
: - stant across the space traversed by the electron sti 
i sample has magnetic characteristics similar te a given @: t] et thod : a 
Since ie axis oO 1e cathode-ray tube is at ; 5 
standard, and it will do it without destroying the sample. ; fits ee tube = a via 
of ballads 2B ietaiilion, S Ait SPIT from the end of the specimen itself, the direction of 
or an St oO ests isu: Ss C t c ( ake : ; . 
field will be at an angle from the axis o - cor 
i) number of preliminary comparisons with differently WW] a. tf : i “t the le. hig 
; : wi lave a componen ) orce at right ang to 
treated s ample Ss representing known variations from the ; _ * st 5 — = 
or vertical direction. f 
normal procedure, such as in the alloy content, or in the tj find lif 
i . n practice o : ‘ adie * 
temperatures of tempering, quenching, annealing, ete. lati I + ae e =e ae a ee rr " i 
iii cllaal sntMenatised: ceteiianteie vain. tin toe sete tor relation between the magne ization Fores and the p 
fut vith test tial that produces the horizontal deflection. These va 
uture Comparison V l cs records, “ : 
2 RR EA Ee oscillograph plays _ must be in phase whatever conne ctions are used. Fig 
° : represents several hysteresis curves of the same spe 
Import int role, inasmuch is a visual deline ation oft nag : 4 ‘j ‘ > 
with various such phase displacements. In this figure 
netic characte ristics IS So ¢ isily obtained. It possesses x , * © 
: true curve (0) and distorted curves obtained \ 
features not available with other types of oscillographs: 
; various phase displacements are shown. 
davlight ope ration without hooded cover. simplicity and : : 
: . At higher frequencies eddy currents in the deflect 





economy of operation, and ability to delineate a hysteresis 2 

. . : plates may cause an additional error. With high 
eurve without bringing in a time scale. : ; : 
netic intensities, if the deflection plates are of nick: 
In many manufacturing processes, because of the sim 
: ; ' common practice ) the permanent magnetic charge 
plicity of making such comparisons, visual checks of the 
duced therein will usually increase the distortion 
magnetic properties can be made on every production 2 


that plates of molybdenum, german silver, ete., ar 
item 100%. inspection instead of on random sample Ss : ‘ ' 
be preferred. Or else, a circuit can be used, such 
oniy, to prevent defe Ive prleces Trom recelving subse 


Fig. le, wherein voltages induced in a search coil ari 

( ni nishing Operations es 

, ‘ thie sample produce the vertical deflections. This met 

Such tests may be d vide qd into two classes tive study ' 
, ; has the advantage of permitting the sample to rema 


fy neability, coercivitv., core loss, ete.. to indicate ex 
; i distance from the cathode-rav tube: and at the s 
p ected operation in electrical equipment, ind tests mad ’ . 
' : é time it gives a deflection that is more nearly represent 
to indicate some nuUireiy different property, such as tem 2 
} “é irdne SS. i] OV CONnRTECHT. Ctl. yr th existence ot 


, , , , =e, ; . x 
In th tter class. the sual tes bears some relation 








to a study of hysteresis effects. An investigation of pres 
} 





ent practices discloses a wide variety of testing methods 


uo 





| yr routine checks, samples ine usually che cked by A 


























direct comparison with known standards, which elimi 
nates a mathematical analysis of the curves. The oper 
ator soon becomes skilled in’ interpreting even minor 
varities of the curves, and with proper preliminary 
: \ 
\ P rr 
< n \ 
4 I 
: ) M 7 
\ 
‘\ S MI Vv 
, \ ‘ 
ie Hysteres ' ey IV’, Vol b Fig. 1 d 
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ignetization. However, with this circuit the ver 


a 


leflection is proportional to the rate of change ot 


x instead of being proportional to the actual flux 


and a pseudo hysteresis curve results. Actually, 


ic comparisons can be reliably made with these 
ind so this system is frequently used. 


these tests, therefore, it will be necessary to dis 
nate between curves based on the rate of flux 
and those depending upon flux density. The for 
lation is equivalent to the differential curve of 
itter. 
sent steel testing methods in many laboratories 
ised on oscillograms obtained with the usual gal 
neter type of oscillographs. Here the horizontal 
ment is always proportional to time and the curve 
; pread out on a linear base. A third system of meas 
nents is then represented by the relation between the 
tantaneous values of flux and time. 
a \ fourth method is the corresponding relation between 
rate of change of the flux and time, wherein induced 
ltages in a pick-up coil are used to produce the vertical 
Hection. 
f Kither of these methods can be duplicated with the 
ithode-ray oscillograph by the use of a linear time base. 


. his apparatus may be either a synchronously motor 
t lriven sweep or the usual linear time base. 
re No important advantage is obtained with a linear time 
ta ise, except in the cases where operators have previously 
O1 come acquainted with methods using other types of 
me sscillographs. 
as \ fifth method comprises an arrangement whereby the 
fux from one sample is compared directly from or with 
seam hat of another sample or a standard. Expressed as 
as coordinates y B, and «= Bs, where B, and PB, are 
a flux intensities of the sample and standard. With small 
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samples this can be « isily done by inserting the sp 
mens into small magnetization coils athxed directly t 
the cathode-ray tube, care being taken that successive 
samples occupy the sam: position. When the specimens 
are alike, a diagonal line appears on the screen, but 
when magnetic differences are present this line is curved 
and often has loops appearing on it. Direct analysis ot 
such curves is difheult, since neither ordinates nor ab 
scissa follow a wave-form that is known, but for routine 
Inspr ction the method m iy be useful as a visual test 

A sixth method is that corresponding to the differen 
tial of the curve obtained from the last method, obtained 
in this case by the use of two similar search coils sur 
rounding the sample and standard. Neither the fifth nor 
sixth method is important in practice, as other methods 
usually give superior results. 

Of all the above systems, the easiest to set up are those 
utilizing the rate of flux change as obtained from search 
coils. However, if the r quired data can only be obtained 
from a true hysteresis curve, several purely electrical 
integrating circuits have been devised’ to produce an 
integrated curve with methods that would normally pro 
duce deflections that are proportional to the rate of flux 
change. One of these circuits is shown in Fig. 3, the fea 
ture of which is the means of integrating, consisting in 
this case, of a resistance (r) and a capacitance (C), as 
shown. The resistance (r) is of sufficiently large value 
to make the voltage across the capacitor proportional to 
the magnetic flux. Due to the voltage lost in the circuit 
it is sometimes necessary to amplify the capacitor poten 
tials as with an amplifier (a) to produce the required 
deflection. For studies at 60 cycles (r) can be about 25, 
000 ohms, and (C) about 10 mfd. 

As before noted the deflection HT must be correctly 
phased, so that the curve can be correctly interpreted 
This can be done with some combinations of values ¢ 
and r. in a phase-splitting circuit as shown 

A circuit which has been recommended for studies of 
hysteresis at high frequencies’ is shown in Fig. Id. The 
impedance of L is such that the voltage drop across it 
is about the same as across the search coil (s 


In practice, hvsteresis curves have the same genera 


appearance even though the characteristics of the ma 
terials and circuit conditions vary widely. Often small 


changes in the amplitude of the deflections, due to circuit 


adjustments inrelated to the magnetic circuit. obscure 
important variations in the curve its If. For this re yn 
it Ina bye desirable to supe rimpose two diagrams repre 

senting the sample and the standard, on the screen. Th 

can be done by rapidly switching | two pickup coil 

associated with the two specimens, ilternately to tl 

deflection plates. 

The more usual arrangement nakes 1S¢ Ol in 1] 
method, where the flux from one sample is’ balanced 
against that from the standard, so that if the two are 
magnetically equal, no deflection occurs. One widely used 
system. which might be called the “differential differ 


ence’ method, has been published by the A.S.T.M. based 
With the ipplic ition ot equ 


lent samples the resultant diagram is a horizontal lin 


on tests by De Fore st 


or in anv case can be represented by the equations 
y dB dB 4 e. 
? dt or dqH 


Toht \ | 
\ R 
T) i fT 
Me \ 
SDel M I “ 
r Testis ’ \ I] 
Del st. Mag | , 
’ , , Vol I 
Spoons Ma 
Materials. \ 
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t t ! re tor t | pecimeilis when TVTDE ( 
t S ppl of prop yitag ie 
) | . ! s d fit iwaimst it poli S 
lwo p »p colls each having 3000 
1 mnected ries opposing 
tei ! “ i con lered a 
/] } nr \ ' 
“ / » i ) e san pow Supp 
( } is me cu \ straight 
; ; ; ] 
| ! 1} tw sp mens k \ ira 
1] 
vi 1} ! I n Ss rolis ot W 
" t = i \ ? }] rear ? hie 
“a o S 
| t 5s. Fig Oa nd Ob. o vned with 
1 will be considered. In each of these figure 
\ ire Shown together with a curve 
\ { { 1 ithe nee aL | tot 
| ] yr ted } f 
“ }  ¢ S ! ( In Opposition 
Hw Ra } 
) iif} em ! between the 
t my} ! s and the va of HZ. While 
| series of different diagrams are obtained 
| Cs ‘ pit ire compat d Leese fig res 
n nad | r but few distinguishing 
\ i s ignetic effects can be ascer 























Fig. 6a 
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Fig. 6b 


tined. For making tests of quantities of simila 


mens, however, this test svstem is recommended 


one that will most easily pick out those having 


l 


Characteristics 


+} 


I 


bit 


n reviewing these test methods it would s 


: : 
last-mentioned has certain advantages when 


netic comparison with a standard is required. It 


ssaryv, however, that the sample have the sami 


sions as the standard, so that both are equal 


netized. In Fig 


hoth is contro 


t the degree of magnetic satu 


ed by the voltage ipplied to th 


MAaAgNeUZAAtIoON coil, 


| 


This test is also applicable tO magnetic Mmspe¢ 


rhe 


iW Characteristics or tor homogeneity The 


strips, bars and wire of steel, for cither th 


} } 


‘awn past the poles of this comparator and sin 


cent portions of the strip are supposed to be id 


the diagram will be a horizontal line unless son 
netic discontinuity appears, 
] ] | 
It mav be desirable to place inarrow strip ot 
paper wainst the screen. to cut off this horizon 
Ty 1 ee ' - sh) } } 
oO that no illumination is visible on the screen wi 


specimens. An additional feature is a photoc 


| 
which indicates when the spot emerges trom beh 
" 
i 


Ti 


ask. Another variation, which, however, require 
tube. is to use a pair OF rne tallic collectors in 
screen inside the cathode-rav tube. These tare 

onnected to an alarm, through suitable amp 





MAGNETIC COERCIVITY 


It has been shown that the coercive Tore 
nt test for knife blade blanks and othe 

yieces, both d iring the manuf cturmMmge process 
ihe finished irticle 

Since coercivity is read Tro i r\ i simp 

ni re iding Is not possible. In routine te sting th 
ire ipplied to a set ip ari inged to. give thr i\ 

rve. The actual unplitude of the B deflection 
terial in the measurement of coercivity and 
! CesSsary th it the entire hysteresis curve bye conn 
t} screen the vertical deflection can be increased 

will cross the Hs axis more nearly at right ang 
mitting the coercivity to be read with accuracy 

Nearly all types ol temper red tools such as 

sels, etc., can bye similarly tested. The ady int 
these tests is that the tools ire nol damaged by 
nor is the surface marred. 


In 


MAGNETIC COMPASS 


using a cathode-rav tube to replace the ma 


mnpass needle, important advantages are apparent 


tantaneous re sponse, ind immunity from effects of 


or rapid swings, such as are encountered on 


iircraft. The low deflection sensitivity of present t 


s the main limitation found. 


more sensitive tubes* can be made available. 


mount of auxiliary equipment needed is quite s1 


only 


a power supply. Since greatest sensitivity is 


tained with low anode potentials, this supply may 


Continued on f} 
Mag c Cor rif \ 
1 k& W \l | t} | 
, \ . Q 
Tr} T \ ve ¢ t i 
t g c +} tl | 
flire ts \ t hic has a f 
V 1 ticed Va i 
\ tv. S 4 an 1 
B & Ende I é ) Sichtbar Electronst 
, i? } Vol 4 es 18 
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Continued 


6. Electromagnetic Class 
ed) 


’ ] 
(Conciuad 
[ypical Applications 
small oscillograms repr 
; ae 
ctrical fields made by on 
tv-five irs \ Nile these 
s of electromagnetic oscillog1 
\ nak i 
) TO) l 
ind the ing ll oT t 


\ 


I 


. F. BEHAR 





No. 2 shows two waves, one approachin 
enting the v tage of an acc 

tained from the same supply through a 

tions. The third harmonic, 


rromagnetic systems, 





No. 3 


1 
+ 


supply 


\ 


frequently 


ay 


rOu! 


a 

Cdk 

ad 
UG 


is present to a marked dk 


‘T¢ 


4 


Volts atross De 


1 
illustrates other voltages and currents in the same hook-up as that 





4 


lat 


ipon which No. 2 was obtained. Records show that this particular arrange 


ment was an attempt to produce triple frequency from a system of 


mnections having no MOvVINg parts. 


t 


transtormer 





DU MONT OSCILLOGRAPHS 
Incorporate Many Advance 
Features of Design @@@ 
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Kurman 
OFFERS 
2 New x 
Ee. &. 


Sensitive 


Relays 
SENSITIVE 
14 Milliwatts for positive operation 


ADJUSTABLE 


Lime Velts 
HO my 





Pull up—drop out—speed 
DROP OUT 
From 50 to 85% of pull No.5. 
CONTACTS 
Fine silver 114 amps 110 V. A.C ‘ sidabatiiaiian 
RANGI BELEE EDLC L ICT TT ttt tT UUNSNN ARTE NAAN AMAR N NM NM NANA AA Walaa A eM ly 
: TN VVNDNNeeas er ; 
0005 V. 25 amps -to- 20 V. .00065 amps "7 "VONNEONUCUOUUUNUEUUNNUNNUN NUN HONS UNONVONNSE UNNNNSUUMS 


FEATURES 
1¢ W idk 


contact separation 


2 Speed .0O!1 seconds 
RUGGED 
Some customers report + years continu 





ous satistactory 


operation 


Kurman Electric Co., Inc. No. 5 represents the rush of current upon first cutting in a tl 








241 Lafayette Street, New York City INK Ol M el transformers lt ide De observed that tne ture , - 
rt vers t litter 1 t three | s. As tl tial rush of { 

s t t tn int on tl \ tag Vave at wh 
lt is closed t to t point at which it was previously opened. s 

R random “shots” ar t like to rey du pertorma some mod 
awson yraphs ire pp gd wit l ssories whereby the ¢ rcuit under test 


Twin Multimeter repeatedly opened and closed at any des‘red instant in the cyel 





9 ranges in less space than any 


>quivalent combination 














size 12 x8 x6 
1 1 1 
No. 6 shows a short circuit on an electric railway system. Th 
RANGE OF MEASUREMENTS 1 
uency Wave at the pottom shows for timing purposes the 2z)-cyclie \ 
snlied ¢ ae nonrar Lancina £1 , Tl . ied ] 4 
supped to the converter feeding the system le COMMutator Voltage 1S s 
y the nppled line running along the upper part of the Alm. The zero o 
1 1 1 1 : } 1 1 
VOlta wave coincides with that of the a-c. voltage Nut the scale 1s 
+ + ‘ ] ] = Pen Dee . . 
$165.00 irger. It will be observed that a triple-Trequency component ot the 
The Rawso measuring instruments are the \ tage exists 1n the d c. Output of the machi This test was made by Cid 
y es having two pivot movements whose . 5 1 1 1 } 1 1 
weight is lifted from jewels wher lamped for if) circult Dreaker On the short-circuited 1d allowing 1t to Opt I 
transit Electrical clamping does ot accom 2 “te 11. ? 2 1 1 
slish this purpose natical Th rrowtn of the current 1s seen, 10 Naving reach 
iF } ], ] — : 1 
ilmost steady value when the breaker ope -d after a lapse of seven 
ae a lice “tae ee | ee ae sae: 
RAWSON ELECTRICAL tn SUPPIY Voltage Th decline Of the current to its zero value after 
7 1 , ’ 7 | 4 1 | | 
INSTRU ENT co J NY pening of the breaker Occupies a little over tour cycles. This film is not sh 
iS an example of ideal circuit breaker operation, but solely with the object 
0 POTTER ST CAMBRIDGE, MASS set | | <1] | 
Branch: 91 Seventh Ave.. New York City emonstrating the usefulness ot the oscillograph. The exposure 1s part 
Representative: EN. Webber test made in 1916; and since that time vast improvements in circuit br 
313 W. Randolph St., Chicago, It ' 1 ’ : 
lesign Nave Ne 1 effected 
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PORTABLE 


WHEATSTONE BRIDGE 
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No. 8 shows respectively, terminal voltage, the voltage of one c | 
voltage, of an old alternator. “Tooth ripples” are distinct. Compare thes 
ves with those shown in films No. 1 and No. 2. There 


ire Tew present-day 


RUBICON COMPANY 


| 
Flect tial Instrument Makers 
29 North 6th St 


] ] 
itions where such a voltage wave would be tolera 


Philade Iphia, Pa 








os Ae ss 
ONE 
INSTRUMENT 
FOR MEASURING 
on a small vibrating inverter supplied ft 


ANY 
cle circuit through a copper-oxide rectifier. At the bottom of the film 1s RESISTANCE 





No. 9 represents a test 


| ' ] 
ywwn the rectified voltage, and the current taken from this supply 1s repre 
1 a] 1 ee es 1 1 > 4 
nted by “I E..”’ shows the “alternating” voltage derived from the inverter nt : 
+ 1 1 17 en 
\s such units are generally supplied from a d-c. source, this could hardly b 


i , erties 
nsidered a fair test. In any case the use of suitable filter cir 
evices to provide an output voltage of reasonably good wave-torm 


; 


° 
Va 


* Ris-neivw 


9 
. ‘ . 
SHALICROSS BAFG.CO P 
OLLINGDALE. PA. y + a 
ca 


orF 


HIGH 





Terminal Vetrege of Megger 
wth 
acidental connection between 


tads of fwe armature circuits 
RAS 


SENSITIVITY 











kk 
] 1] | ] s 
ogests the usefulness Of an Osclllograpn 1n I I 


le generator in a “Megger”™ insulation 


e 1 
54, page 34) has four distinct armature win 





s 

ndings normally cut in series 
y a special commutator. It should deliver direct current with a negligibly SHALLCROSS MFG. CO. 
all ripple. The wave-form shown is from a Megger having an accidental COLLINGDALE, PA 
terconnection between two of the windings 























Announcing 
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A New SIGMA Relay 
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4000 Wart 


A sensitive, rugged instrument fo. 



































) 
w 
No. 11 represents a test on a high-voltage fuse. Two fuses 
series ON Opposite sides of a circuit and a breaker closed between 
LIST PRICES o ‘ . } 
an voltage and the rush of current are well shown. It 
fe . . ‘ vv } } 
00 hm field : 0 that th iT Was ruptured in one cyc 
G STRUMENTS, Inc. No. 12 illustrates t tial rush of current through an early tort 
88 TRAPELO ROAD BELMONT, MASS rT ee ; | a 4 eee 
illed tungsten lamp, rated at 1 watts, when switched on a d< 
I 25 le ttming wave shows that | second was required for th 
1 1 } 
dec to its steady value from its initial peak Of nearly eight times 
} 1 ] | ] + + + 
Ast tial rus f current due to the relatively low resistance o ’ 
filament is subject to many variables, there 1s a wide divergence in the s 
HARDNESS een ate f different types and sizes of lamps. This may be lool 
\ ist 
yy E Sy = I N G =sa68 
No ia 8 . asa t > ohtain: 1 sy » tect ar , ydro-elt ty . r 
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Fig. 49-38 
The usefulness of the electromagnetic oscillog: 
gested by the records shown in Fig. 49-38, which represents a test 
tal-working machine having heavy reciprocating parts. T Ipper curv 20 mm. or 0.5 
ws the 60-cycle voltage supplied to the motor driving the ma t High vacuua or 


ver a-c. curve the current drawn, and the middle curve the watts consumed iccurate gas pressuré 





bottom line shows the > action of a contactor us | for detinit lv t ng th ‘ i 
oe Ee “ie setiags Electric Vacuum Gauge 
formance of the machine. It will be observed that wit 
eration the power flow actually reverses, indicating that rtia of 
Ving parts was sufficient to feed energy back into the line at certain inte 


labored action. Im WINSLOW 


ee ENGINEERING CO. 


of the parts made it possible to eliminate the extr 


Sin the operating cycle, giving a 
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ctuations in power flow, with a resulting improvement in performat 








INSTRUMENTATION FORUM 


PROBLEMS — SOLUTIONS — DISCUSSIONS 








PROBLEM No. 2 
(As published in December issue) 
Consulting engineer advises us that he 
will pay $10 (in addition to our $5) for 
1 solution acceptable to him of the prob- 


lem of me asuring moisture in wet and dry 
glue pearls” or “pearl glue” by a RAPID 


Me is suc i non-conductor. The mois 
ture meter for grain consists of an elec 
trical instrument indicating the electrical 
} 


ince between two crushing rolls 


resis 
vhich are insulated from each other and 
rotated at slow speed by an electric mo 


tor. For various classifications of mate 





urement at one extreme to 
test at the other, depending on 
ness of the sample. If the s 
spherical or can be made spheri 
the rate of flattening 


under pre 
the percent of rebound from 
be used as a measure of. the 
tent. If the sample is irregular, 
of extrusion through in ori 
constant pressure will detern 
water content. It is probable t 
tests must be made under well-« 
conditions of temperature and 


DISCUSSION 


rial, the spacing between the crushing By EK. 1. WENGER 


method. Present method—oven drying of 
rolls is adjustable, and a contact dial is 


pea-like samples—is too slow in view of 


introduction of modern continuous drying 


; 1 Three suggestions are offered 
inged to provide a direct indication , , 
' , : the required operations could 
process of manufacture. Ideal would be a of moisture content of the material 


' : formed in a minute or less: 
continuous indication. Next best, a meth crushed between the rolls (1) Burn a specified weight 
o ng ' \daptation of this instrument to pearl r re 

d taking a minute or so. } } Proportional weight of ash ma 


] 


rlue would require scrapers to clean the 








re tae f Sia 
rolls of glue that might cling during the close ipproximation of moisture 


SOLUTION this proportion would be highes 


By PHILIP EWALD 


crushing process. It would be necessary 4 eee ; 
: se of samples initially “bone dr 


(2) The electrical conductivit 


( 


ilso to calibrate the instrument for that 


e method described herein depend particular class of service by running a ; 
riation of the glue’s electrical re everal precision oven deteveninations probably be an invariant functior 
ce ith moisture content. It is ir \ continuous indication could be pro moisture content (at any particu 
ermittent, requiring a few seconds tor vided by by passing t small portion of perature) 
urement. The test points shown the pearl glue into the rollers for crush (3) The specific gravity of th 
Fig. 1 are inserted into the glue san ing and_ testing \ continuous record would probably be related to thei 
e, preferably into a section freshly cut could be obtained by the use of a po ture content 
razor The moisture content tentiometer recorder, in place of the in 


SOLUTION 
By H. OLKEN 


si There is a commercially availa 


SOLUTION 
By ROBERT E. TOZLER 


| iting instrument 


vice the size of a table radio—and 














tt ——_ {-s5 ing a “radio” principle—which in 
} Although there are several possible it vives direct readings of moisture 
aie Silver or Conger Wires tacks to the problem, the one I believe of the material contained in a gla 
me .% a . offers about the best chance of working tube, as shown in Fig. 1. It requir 
ta . — Ms 
| x out in practice is based on the change of the test-tube be filled nearly to its 
: blavyened of 4K< . : 
electrical resistance with moisture con 
i} apa ie tent. This method would have to be 
We id ipted to the conditions present at the 
point of measurement; for example, | 
: tif 24-A should the glue sample be taken where genres 
$y : - “J it is quite wet, an ordinary conductivity 
S Hegetuwe ALLA bridge would furnish sufficient accuracy, 
, ° \ but if quite dry, the sample would prob 
- } i i 
\ ibly have to be tamped between elec | 
1 rodes, and either a d-c. bridge method which precludes the possibility of | 
bf a | . > . rlow ) . or P we ge > " ¥ ‘6 
W of as Yr the neon glo lamy flicker frequency uring the moisture in a single pe 
‘ Pl Velte used for determining its resistance rlue. It also requires of course, 
} x calibration for the class of material, | 
ania : 2 is cereals, soap chips, granular or f 
DISCUSSION ; | 
| | \ > j BREVOOR' food products, ete. It is being used 
| > , > 7 . j 
sf T phos vn wot an 2 PAURICE , _ OOR factorily on the products mentioned 
> The water conte nt ot vlue can be de on some colloids. | 
J r ) termined by either chemical or physical Moreover, this instrument may be 
N\ BO , ; 
: ; means. A determination by evaporation ified to measure continuously the 
= iv rt is an example of the former method: a ture in a continuous sample (see Fig | 
dans sine determination of plasticity an example the chief requirement being th | 
2.5% | f de of the latter “pearls” should not cohere and « 
4 en hein i. \ sample placed in concentrated acid glass tube. The continuous indicatio! | 
= will give up its water to the acid and then serve as a guide for the manua | 
a P | 
tiers. the heat of dilution or the hvdrogen-ion trol of the process bv the oper itor j 
Pies | content will be a measure of the water it is easy to conceive a further mod 
A { h ; | 
, content. The plasticity will be a direct tion involving (a) continuous recor | 
then read directly from a calibrated mil measure of the water content of the on a chart and (b) automatic conti 
tammeter in the circuit shown in Fig. 2 sample The determination of the plas the process, just is is done in recor! 
Construction of the test points is self ticity may vary from a viscosity meas ind controlling pH 
explanatory Ihe electrical circuit is es 
sentially a vacuum-tube voltmeter, though 
Lise is) Simpler Resistance values y . . . ” ° 
lv a saasernegscal Te tet Problem No. 4 — Subject Index 2.04 12” line when the 12” valve is clos 
LOW! re only approximate, woulc lave é 


suddenly. Gravity flow; normal p: 


Water Hammer Pressure Gage 
sure at point of measurement 4 lb 


bye determined Dv trial Che parts ot 
“Device other than costly oscillo- 


he entire outtit would cost less than S15 
graph to register shock pressure in a in. 

SOLUTION : 
By L. R. KRETTENRING 


\ moisture meter for grain, now or 


Five dollars will be paid for every solution (or critical discussion clearly poi: 
ing the way to a solution) which is accepted for publication. Address Inst 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Do not write on b 
sides of paper. Draw diagrams clearly, in black ink. Mail before March 


14 " 9] ter 
w market, can be ered and calibrated 


; 


measure he moimwsture content of any 


ubstance which, in a dry state, Is a nor 
onductor of electricity. The usual pear Solutions and discussions accepted will appear in April 1937 issue. 
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The 
(PPLEY STANDARD CELL 


ee 
precision Standard of Electromotive Fo 





[The low temperature coefficient form of the 


International Standard of Electromotive Force 


Cat. No. 100. Standard Cell, lum, unsaturate 
e precision measurements of electromotive 
suaranteed t be within 0.01% f certified 
Negligible temperature coefficient. Internal resistar 
over 500 ohms. Mounted in black bakelite cass 
With Eppley Laboratory Certificate $20.00 
P} pa 
Vith Bureau of Standards Certificate 26.00 


THE EPPLEY LABORATORY, INC 


NEWPORT, F.3 











ROLLER-SMITH announces 


REF = 9 C. 
BOOSTER 
VOLTAGE 


REGULATOR 


This new device has no moving parts, no moving 
contacts, no tubes. In fact it will last a lifetime with- 
out any maintenance expense and without any at- 
tention. 

This Roller-Smith REF BOOSTER VOLTAGE 
REGULATOR provides a source of constant voltage 
for many laboratory and production applications such 
as Meter testing, life tests on lamps, instrument cal- 
ibration, etc. 

Available now in 213, 5 and 712 KVA sizes. 

Send for your copy of New Catalog J-10, Section 1 


ROLLER-SMITH COMPA 


lectrical Measuring and Protective Apparatus] 
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MAIN OFFICE WORKS 
32 Woolworth Bidg.. New York Bethiehem, Pa 
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RCA TEST EQUIPMENT 


-- at prices every service engineer can afford 





This new Test Equipment offers many new features. Designed 
by RCA engineers to make your job simpler, faster and more 
precisely efficient. Ideal for visual alignment, vibrator testing, 
checking modulation, distortion and all other general oscil 
lographic applications. 

Check the features! Consider how helpful this equipment 
can be to you. Then get it and put it to work! 





FEATURES 


1 COMPLETI oscillograph using new RCA-913 Cathode 
Ray Tube—ready for every service application. 


2 High Sensitivity—1.75 volts (RMS) for full-scale deflection 


3 Vertical and horizontal amplifiers—Individual gain con- 
trols—Flat 30-10,000 cycles. 


4 Linear Timing Axis—Range 30-10,000 cycles. 

5 Small spot diameter, sharp focus—Individual centering 
controls on front panel. 

6 Removable light shield—Excludes room light and gives in- 
tense image. Calibration screen provided. 

7 A-C operated—Input power, 50 watts. 


8 Ruggedly built—Snap-out leather handle—Symmetrical ap 
pearance for use with new Test Oscillator. New two-tone gray, 
wrinkle finish with highly polished nickel silver etched panel 





FEATURES 
1 Variable electronic sweep (no moving parts)—1 to 40 kes. 
—at any R-F or I-F frequency—Sweep rate, 120 times per se¢ 
ond—eliminates screen flicker—air trimmers for all bands. 


2 No amplitude modulation with frequency modulation. 
Horizontal sweep frequency linear across screen. 


3 Wide frequency range—90 kes. to 32,000 kcs.—fundamen- 
tal frequencies—400 cycle internal modulation—JACK FOR 


EXTERNAL MODULATION. 


4 Large direct reading dial—4 inches diameter—indirect il 
lumination—two vernier ratios, 2:1 and 5:1. 


5 High r-f ourput—0.25 volts at all frequencies—negligibl 
leakage —three-step attenuator plus contin 


Ree uously variable control. 


RCA Manufacturing Co., Inc., Camden, N. J. 
A Service of the Radio Corporation of America 











THEORIES AND DEFINITIONS OF HARDNESS inence in hardness testing a photomicrograph 


Continued jrom page 44 iron is shown in Fig. 18. Fig. 19 shows anoth« 

In the case of a single-crystal the faces of the crystal ervstalline structure, that of a zine alloy. The 
ts composing the complete cry stal will all be oriented size of the grains in one specimen depe nding 

n the same way. These angles which the facets form composition and previous treatment—may be 
“ the surfaces and axes of a single crystal strip are as 0.01 mm. or as large as 0.20 mm. et 


signated by the angles, a. a, and b as in Fig. 14. These 
tv be measured by an optical goniometer which CATHODE-RAY TUBE APPLICATIONS 


Continued trom page DU 
iown in-use in Fig ; 


17 where a single ervstal wire is 
obtained entirely from batteries, or from a sma ' 


coil operating on batteries. The variable poten 


inder measurement Inasmuch is Iron comes Into prom 


tained from such a source has the advantage 
spot appears to the eve as a radial line which 
in excellent “pointer.” The calibration is not 
by changes in the battery potentials. 

The magnetic field of the earth acts on th ray 
throughout the whole length of the tube. eliminat 


need for deflecting plates. The conditions there! 


inlike most other applications; since here an 

cannot be utilized to increase the se nsitivity. | 
long tube must be used or else a shorter tubs 
small screen, augmented with a suitably placed 
fying lens. The tube is mounted vertically in an 


with the COTMpass card afthxed to thre screen sep 








irticle, page 244 It may be of interest to not 

the earth's field will normally deflect the ray tow: | 

ist. This field, while not of equal intensity 
Fig. 17. By the reflection of light rays from the facets of the earth, has a value of the order of 0.2 gauss. 
crystal units the orientation of a single-crystal may be determined. In an investigation of the practical utilization 

ipplication, the writer used a gas-focused tube 

mate ly thirty inches long, ope rated with a puls iting 

ige of 500 volts (max.) on the anode. A special 

ngs arrange nt was nece ssary to secure focusing 

range of anode potentials. Deflections of thre 

were discernible before the radial line faded out d 


each evele, as the anode voltage dropped below 


300 volts. To 
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of “Robot” Contro! 
$2.00 Postpaid 


Fig. 18. A polycrystalline structure of pure iron. Mag. 150 
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1117 Wolfendale St. Pittsburgh, P 








LET TROFIMOV 


Get you more pay and promotion on your prese! 
job through your own original ideas. Write for cata 
log “1-11”, 3859 Northampton Road, Clevelan 
Heights, Ohio. 








An old established firm manufacturing mercury, dial 

recording thermometers, etc., has an opening for experien 
sales representatives in Chicago, Cleveland, Atlanta and s¢ 
eral other locations. This is a good opportunity for a p! 
itable and permanent connection. All replies held stri 
Fig. 19. Polycrystalline structure of 70-30 copper-zinc alloy. Each confidential. Address, MOELLER INSTRUMENT CO., 132 
grain may be considered as a monocrystalline structure. Street and 89th Avenue, Richmond Hill, New York Ci 





D 0.015 mm D 0.150 mm 
D—Average grain diameter. Mag. 75 
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IMPROVED DESIGN 
RELIABLE READINGS 


NEW 

Friez Air-Meter 
WITH 

Pitot Static Head 





[The only thing the new Friez Air-Meter has added to a 
familiar type is Just everything—that is reliable accurate 
readings, resulting from a redesigning. A chrome plated 
highly polished mirror scale reflects the liquid meniscus. 
True readings are made easy because you can establish a 
three point line of vision namely: 1. The liquid meniscus, 
2. The scale reading, and 3. The image of the meniscus 
within the mirror-scale. All possible errors of paral- 
lax are obviated. 








Sra 





Add the special Friez type Pitot-Static Tube and you have 
an Air-Meter suitable for all purposes. Using this Pitot- 
Static Tube in a duct, even a fifteen degree divergence 
from the true direction of air-movement does not impair 
the accuracy of registration. 


fir Conditioning engineers should write for Friez Bulletin Fi 
JULIEN P.. FREEZ & SONS, INE. 
The Makers America’s Weather Instruments 
BALTIMORE, MD. 
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SOLVES MANY MEASURING PROBLEMS 


JOHANSSON ACCESSORY SETS 


ARE FOR 


JOHANSSON 


Accessory Set No. 44 shown above con- 


tains two Sets of Jaws. Seriber. Center 


Point, Adjustable Holder and Foot Block. 


This Set, with Case, is only $65. 


Accessories also may be purchased in 


two larger sets, or individually. 


Mail coupon for further information. 


USE WITH 


GAGE BLOCKS 


Manufactured and Serviced in the United States by 


FORD MOTOR COMPANY 


Johansson Division, Dept. I Dearborn. Michigan 


I FORD MOTOR COMPANY 

! Johansson Division, Dept. 1. Dearborn, Mich 

1 Without obligation, please send me catalo howir other 
, Johansson Accessory Set 

| Vame 

! fddr 

" City State 
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